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In THB Senate of imc Oxited States, 

FOnara 3, 1873. 
Tbo following molntiOD, originatiiig in the SeDftte December SO, 1972, wbb agreed to 
by tbe pooM of BeprewntativeB Jumary 31, 1873. 

Bttolrtd, (the Honse of RepreaentadTes concnning,) That twelve tiionsand five hnn* 
dred additional copieaof tbe report of the Smitbgoniiui InstitatioD for tbe f ear 18T2, be 
printed ; twemty-Ave hundred of which ahall be for tbe nse of the Senate, five thonBaad 
for the use of tbe Honae, and five tbonsaod for the nse of the lostitatioD : Frotidtd, 
That the aggregate nnmber of pagea of aaid report shall not exceed four hnndred anil 
fifty, and that there shall be no illiutestiona except tboaefttrDiabnlbythe Smithsonian 
JnMitation. 
Attest: 

OEOSGE C. GORHAM, Scervtarg. 
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LETTER 
SECRETARY OF THE SMITHSONIAN INSTITUTION, 

The annual report of iJie 8mitk»onian Ihatitution for the year 1872, 



SUITESONIAn iHBTrrUTION, 

WaskingtoTi, February 20, 1873. 
Sm : In befaalf of the Board of Regents, I have the honor to sobmit 
to the Congress of the United States the annaal report of the opera- 
tions, expenditures, and condition of the Smithsonian InstitnCioq for 
the year 1872. 

I have the honor to be, very respectfully, your obedient servant, 
JOSEPH HENRY, 
' Secretary Smithsonian IiuUtuHon. 

Hon. S. Colfax, 

Presidmt of ths Senate. 
Hon. J. O. Blaine, , 

i^pcflfter of the Sotue of Bepre»entaUvea. 
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ANNUAL REPORT OF THE SMITHSONIAN INSTITUTION FOR 1872. 



Tliis document contains : 1. The programme of orgaDizatioo of the 
Smithsonian Institution. 2. The annual report of the Secretary, giving 
an acconnt of the operatioaa and condition of the establishment for the 
year 1S72, with the statistics of collections, exchanges, meteorology, &c. 

3. The roport of the execntive committee, exhibiting the financial affairs 
of the Institution, incladiog a statement of the Smithson fond, tlie re- 
ceipts and expenditures for the year 1872, and the estimates for 1S73. 

4. The proceedings of the Board of Begonts. 5. A general appendix, 
consisting principally of reports of lectures, translations from foreign 
jonnials of articles uot generally accessible, but of interest to meteor- 
ologists, correspondents of the Institution, teachers, and others inter- 
ested in the promotion of knowledge. 
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PROGRAMME OF ORGAHIZATION 



SMITHSONIAN INSTITUTION. 



[PRESENTED IN THE FIRST ANNUAL EEPORT OP THE SECRETARY, AMD 
ADOPTED BY THE BOARD OF REGENTS, DECEMBER 13, IMT.] 



INTRODUCTION. 



Oeneral considerations which should serve as a guide in adopting a Plan of 
Organization, 

1. Will op SmxHSON. The property is beqaeathed to the TTnited 
States of America, " to found at WaBhiugton, uoder the name of the 
Smithsonian Institution, an establishment for the iocreaae and dif- 
fusion of knowledge among men." 

2. The bequest is for the benefit of mankind. The Government of 
the TTnited States is merely a trustee to carry out the design of the 
testator. 

3. The Institution is not a national establishment, as is frequently 
supposed, but the establishment of an individual, aud is to bear and 
perpetuate bis name. 

i. The objects of the Institution are, 1st, to increase, aud 2d, to dif- 
fuse knowledge among men. 

5. These two objects should not be confounded with one another. 
The first is to enlarge the existing stock of knowledge by the addition 
of new troths ; and the second, to disseminat« knowledge, thus increased, 
among men. 

6. The will makes no restriction in favor of any particular kind of 
knowledge ; hence all branches are entitled to a share of attention. 

7. Knowledge can be increased by different methods of facilitating 
and promoting the discovery of new truths ; and can be most exten- 
sively diffused among men by means of the press. 

8. To effect the greatest amount of good, the organization should be 
such as to enable the Institution to produce results, in the way of in- 
creasing and diffusing knowledge, which cannot be produced either at 
all or so efBciently by the existiog institutions in our country. 
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8 FBOGRAHMB OF ORGANIZATION. 

9. The organization should also be such as can be adopted provis- 
ionally ; can be easily reduced to practice ; receive modiflcationB, or be 
abandoned, in whole or in part, without a sacrifice of the funds. 

10. In order to compenBat« in some measnre for the loss of time occa- 
sioned by the delay of eight years in establishing the Institation, a 
considerable portion of the interest which has accrued should be added 
to the principal. 

11. In proportion to the wide field of knowledge to be cultivated, the 
funds are small. Economy should, therefore, be consulted in the con- 
struction of the building ; and not only the first cost of the edifice 
should be considered, bnt also the continual expense of keeping it in 
repair, and of the support of the esUtblisfament necessarily connected 
with it There should also be bnt few individuals permuiently sup- 
ported by the Institution. 

12. The plan and dimensions of the building should be determined 
by the plan of organization, and not the converse. 

13. It should be recollected that mankind in general are to be bene- 
fited by the bequest, and that, therefore, all unnecessary expenditure 
on local objects would be a perversion of the trust. 

14. Besides the foregoing considerations, deduced immediately Arom 
the will of Smitfason, regard must be had to certain requirements of the 
act of Oongtess establishing the Institution. These are, a library, a 
museum, and a gallery of art, with a building on a liberal scale to con- 
tain them. 

SECTION I. 

Plan of mgimisatiim of the InttittttioH in acoordanee icitk the foregoing 
deductioiu from the roiU of Smithson. 

To INOBBASK ENOWLEDOB. It is proposed— 

1. To stimulate men of talent to make original researches, by offering 
suitable rewards for memoirs containing new truths ; and, 

2. To appropriate annually a portion of the income for particular re- 
searches, under the direction of suitable persons. 

To DIFFUSB ENOWIiBDaE. It iS proposed — 

1. To publish a series of periodical reports on the progress of the dif- 
ferent branches of knowledge ; and, 

2. To publish occasionally separate treatises on subjects of general 
interest. 

DETAILS OF THE PLAN TO INCBBASE ENOWIJEDGB. 

I. Sy stimuiating retearekes. 

1. Facilities afforded for the production of original memoirs on all 
branches of knowledge. 
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2. The memoirs thus obtAined to be publiabed io a eeries of volnmes, in 
a qnarto form, and entitled Smitbaonian Gontributioos^to Knowledge. 

3. No memoir on enbjectB of pbysical science to be accepted for pub- 
lication wtiicb does not fnrniab a positive addition to hnmnn knowledge, 
restiDsr on original reseiuxib; and all unverified speculations to be re- 
jected. 

4. Each memoir presented to the Institution to be submitted for ex- 
amination to a commission of persons of reputation for learning in the 
branch to which the memoir pertains; and to be accepted for publica- 
tion only in case the report of this commission is favorable. 

5. The commission to be chosen by the ofScere of the Institution, 
and the name of tbe author, as far as practicable, concealed, nnless a 
favorable decision is made. 

.'6. Tbe volamea of the memoirs to be exchanged for the transactions 
of literary and scientific societies, and copies to be given to all the col- 
leges and principal libraries in this country. One part of the remaining 
copies may be offered for sale, and the other careMly preserved, to 
form complete sets of the work, to snpply tbe demand Irom new institu- 

tiODS. 

7. An abstract, or popular account, of tbe contents of these memoirs 
to be given to Uie pnblic through the annual report of the Begents to 
Oongress. 

II. By (^ppropriattjig a part of the income, anmtaUr/, to fecial ol^ect$ of 
researd, under the direction of suitable persons. 

1. Tbe objects, and the amount appropriated, to be recommended by 
counselors of the Inatitation. 

2. Appropriations in difierent years to different objects ; so that in 
course of time each branch of knowledge may receive a share. ' 

3. Tbe results obtained from these appropriations to be published, 
with tbe memoirs before mentioned, in the volumes of tbe Smithsonian 
Contribations to Knowledge. 

4. Examples of objects for which appropriations may be made : 

(1.) System of extended meteorological observations for solving the 
problem of American storms. 

(2.) Explorations in descriptive natural history, and geological, mag- 
netical, and topographical surveys, to collect materi^s for tbe formation 
of a physical atlas of the Uuited States. 

(3.) Solution of experimental problems, such as a new determina- 
tion of the weight of tbe earth, of the velocity of electricity, and of 
light ; cbemical analysis of soils and plants ; collection and publication 
of scientific facte accumulated in the ofBces of Oovemment. 

(4.) Institution of statistical inqniries with ret^rence to physical, moral, 
and political subjects. 

(6.) Hiatorical researches, and accurate surveys of places celebrated 
in American history. 
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10 PBOQBAMME OF OBGANIZATION. 

(6.) Etfanological researcbes, particularly vitli reference to the differ- 
ent races of tneu Id North America ; also, explorations aud accarate 
8Drve;8 of the moands and other remains of the ancient people of our 
conntry. 

DETAILS OF THE PLAN FOR DIFFUSING KNOWLEDGE. 

I. Sy the publication of a series of reportc, giving an account of the m«o 
dUeoveriea in science, and of the cfmnges made from year to year in aU 
branches of knowledge not strictly professiofuU. 

1. These reports will diffnse a kind of knowledge generally interest- 
ing, bnt which, at present, is inaccessible to the pnblic. Some of the 
reports may be published annually, others at longer intervals, as the 
income of the Institotion or the changes in the branches of knowledge 
may indicate. 

2. The reports are to be prepared by collaborators eminent in the dif- 
ferent branches of knowledge. 

3. Each collaborator to be funiiBhed with the journals aud pablica- 
tions, domestic and foreign, necessary to the compilation of his report 
to be paid a certain sum for his labors, and to be named ou the title' 
page of the report 

4. The reports to be published in separate parts, so that persons in- 
terested Id a particular branch cau procure the parts relating to it with' 
oat pnrchasiug the whole. 

5. These reports may be presented to Congress, for partial distribu- 
tion, the remaining copies to be given to literary and scientific institu- 
tions, and sold to individnals for a moderate price. 

n. By tie publication of separate treatises on svJjjects of general interest. 

1. These treatises may occasionally consist of valuable memoirs, 
translated from foreign languages, or of articles prepared under the 
direction of the Institution, or procured by offering premiums for the 
best exposition of a given subject. 

2. The treatises should, in all cases, be submitted to a commission of 
competent judges, previous to their publication. 

3. As examples of these treatises, expositions may be obtained of the 
present state of the several branches of knowledge mentioned in the 
table of reports. 

SECTION U. 

Plan of organisation in accordance icitk the terms of tlie resolution of tlie 
Board ofBicgents providing for the two modes of increasing and diffuxing 
knowledge. 

1. The act of Congress establishing the Institution contemplated the 
formation of a library and a museum ; and the Board of Begents, io- 
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clndiug these objects in the plan of oi^nization, resolved to divide 
the income into two equal parts. 

2. One part to be appropriated to increase and diffuse knowledge by 
means of publications and researches, agreeably to the scheme before 
given. The other part to be appropriated to the fonnatioa of a library 
and a collection of objects of nature and art. 

3. These two plans are not incompatible with one another. 

4. To carry out the plan before described, a library will be required, 
consisting, 1st, of a complete collection of the transactions and pro- 
ceedings of all the learned societies in the world ; 2d, of the more im- 
portant current periodical publications, and other works necessary in 
preparing the periodical reports. 

a. The Institution should make special collections, particularly of ob- 
jects to illustrate aud verify its own publications. 

6. Also, a collection of iustruments of research in all branches of ex- 
perimental science. 

7. With reference to the collection of books other than those men- 
tioned above, catalogues of all the different libraries in the United 
Stateii shoald be procured, in order that the valuable books first por- 
chased may be such as are not to be found in the United States. 

$. Also, ciitalognes of memoirs, and of books and other materials, 
should be collected forrenderiug the Institution n center of bibliograph- 
ical knowledge, whence the student may be directed to any work which 
be may require. 

9. It is believed that the collections in natural history will increase 
by donation as rapidly as the income of the Institution can make pro- 
vision for their reception, and, therefore, it will seldom be necessary to 
purchase articles of this kind. 

10. Attempts should be made to secure for the gallery of art costs of 
the most celebrated articles of ancient and modem sculpture. 

11. The arts may be encouraged by providing a room, firee of expense, 
for the exhibition of the objects of the Art-Union and other similar 
societies. 

12. A small appropriation should annually be made for models of an- 
tiquities, such as those of the remains of ancient temples, &c. 

13. For the present, or until the building is fully completed, besides 
the Secretary, no permanent assistnu t will be required, except one, to act 
as librarian. 

14. The Secretary, by the law of Congress, is alone responsible to the 
Begents. He shall tulce chai-ge of the bnildiug and property, keep a 
record of proceedings, discharge the duties of librarian and keeper of 
the museum, and may, with the consent of the Begents, employ aggist- 
antti. 

15. The Secretary and his assistants, during the session of Congress, 
will be required to illustrate new discoveries in science, and to exhibit 
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new objects of art. Distingaished individuals sfaoald also be invited to 
give lectures on subjects of geoBral interest 



The foregoing programme was that of the general policy of the In- 
stitution until 1866, when Congress took charge of the library; audsince 
an appropriation has been made by Government for the maintenance of 
tbo moseniu tlie provisions of SeotioB II are no longer fully observed. 
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REPORT OF THE SECRETARY FOR THE YEAR 1872. 



To the Board of Begents of the Smithsonian ItutituUon : 

Oenti^bmen : The report which I have flie honor to present at this 
time completes the history .of the operations of the Smithsonian Institn- 
tioD for the first qoarter of a ceatory of its aetire existence; and as it 
is important to recapitulate, from time to time, the policy which has been 
adopted for the management of the fnnds intmsted to the United States 
for the good of men by Jimies Smithsoo, it may be well on this occasion 
to recall the essential features of the trust, and to briefly state snch 
salient points coonected with its admioistrataon as may be of especial 
importance in the fiitnre. 

At the time the fhnds were receiTed by the General Government, the 
distinction between edacation and original scientific research was not 
so folly recognized as it is at the present day, and therefore it is not 
surprising that the brief thoogh comprehensive language in which the 
will of Smithson was expressed should not have been generally under- 
stood, or that the words "I bequeath the whole of my property to the 
United States of America, to found at Washington, under the name of 
the Smithsonian Institation, an establishment for the increase and diffu- 
»ion of knowledge among men," sbonld have been so interpreted as to 
induce Congress to direct the expenditure of the income of the fund 
principally to objects which, though important in themselves, did not 
comport with the strict interpretation of the will, being of a local char- 
acter instead of affecting the interests of humanity in general. 

Smithson devoted his life to abstract science and original research, 
and there cannot be a reasonable donbt that he used the terms "increase 
and diSnsioD of knowledge among men"* to imply that the income of 
his beqnest should be devoted to original researoh in all branches of 
knowledge susceptible of increase, and the diffusion of the result of this 
through the press for the benefit of mankind generally. 

* The tenna increate and digumon of knowledge weie UBed, in the apecifio Henae here 
indicated, by men of science of the time of Smithson. As an illastration of this we ma; 
cite the following remaric of William SwainMU, a celebrated natnialist. Speaking of 
the Zoological Society of Iiondon, be saya : "It is more calcntated fa> dijftiae than to 
ifumcue the aotoal shick of Bcieutific knowledge." The anther further Temorks that, 
"while we may tmlyexolt in this awakening of the natiooal intellect, we must remem- 
her that di^b«ion and adtaneemmU are two very different processes ; and each may exist 
independent of the other. It is very essential, therefore, to oar present purpose, when 
we speak of the dlffiaion or taOtiuion of eoience, that we do not conf onnd theae stogce of 
development with ditemxrg or advanoanatt; since the latter may be aa different from 
the former as depth is from shallowness." (See Cabinet Cyclopedia, Natural History, 
p. 314, London, 1834.) 
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14 REPOBT OF THE 8ECKETARY. 

The terms of the vilt, when critically analyzed in their scientific signi- 
ficatiOD, will admit of no other ioterpretation, and the fitness of the 
policy which has been adopted after mnch discussion, and, as far as the 
original restrictions of CoDgress would allow, has met with general 
approval by men of scieuce of all conntries. 

After having devoted assidnoasly twenty -five of the best years of my 
life to the administration of the affairs of the Institotion, I may be par- 
doned for making some personal allnsions to the past, and expressing 
my earnest desire that the same policy which was inaagarated and has 
been continaally observed aiider ray direction may be continaed in the 
fiitare, when I shall have ended my couaection with the establishment, 
with only snch modifications as the ever-changing conditions of the 
world may render necessaiy. 

Immediately after the organization of the Institution, in 1846, 1 was 
requested by personal friends in ^he Board of Regents to give my views 
as to what the Institution ought to be, in order to realize the intention 
of the fonnder as expressed in his will. Having been long impressed 
with the importance of special provision for original research, and 
believing it was the intention of the fonnder of the Smithsonian Institu- 
tion to offer facilities for this puipose, I suggested the essential features 
of the programme published in my first report to the Board of Regents 
ill 1847; and, on account of this suggestion I presume, I was informed 
that if I would accept the position of Secretary, or rather director, of 
the establishment, I wonid receive the appointment. 

Being at the time engaged in a series of original researches, I did 
not at first entertain the proposition ; but afterward, ou the expression 
of the opinion of the more prominent members of the American Philo- 
sophical Society that it was my duty, as the only scientific candidate 
that had been proposed, to accept the appointment, I accordingly con- 
sented, was elected, and entered npon my duty; not, however, without 
much anxiety and great solicitude as to my ability in the line of admin- 
istration, but with the hope that the policy which I wished to inaugu- 
rate would be readily nuderstood and properly appreciated ; that my 
plans would be immediately adopted ; and that, after seeing the Insti- 
tution fully under way in the direction propo^, I might retire from its 
charge, return to my former position in the College of New Jersey, and 
resume my scientific investigations. In this, however, I was sadly dis- 
appointed. 

The plan proposed was too mnch in advance of the popular intelli- 
gence of the day, both iu this country and in England, to be immedi- 
ately adopted. The value of scientific research had not then received 
that high appreciation which it enjoys at the present time; and, indeed, 
no distinction was then made between the popular expounder of scien- 
tific principles and the original investigator, to whose labors the world 
was indebted for important additions to human knowledge. 

Opposed to the views of establishing an institution the great feature of 
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which should be the facilitating of original research, was the organization 
which had been directed by Congress, namely, that provision should 
be made on a liberal scale for a mnsenm, a hbrary, a gallery of art, lec- 
tures, and an arboretum, involTiDg the coDStraotion of a large building, 
whereas the plan for original research required a buUdiog of compara- 
tively small dimensions, the cost of which need not to have exceeded 
$50,000; while the estimated cost of the one proposed was $250,000, and 
it has actually cost more than double that sum. It was in vain to urge 
that the law of Congress might be altered, although the willof Smithson 
could never be chauged. Public opinion apparently was generally in 
favor of the erection of a large building, and the establishment of a 
library, museum, gallery of art, and lectures. Still a majority of the 
Board of Regents were in favor of the plan of original research and 
publication, and, after much discussion, it was finally agreed, as an 
experiment, to divide the income into two equal parts, giving one 
part to what has been called the '* active operations," and the other to 
the library, museum, and other local objects. In the attempt to carry 
oat thisdivision, difficulties occurred which led to its final abaudoumeut, 
and to the adoption of another arrangement, that of making sach pro- 
visiou from time to time for the ranseum and library and gallery of art 
as might be thought necessary noder existing conditions. As might 
have been anticipated, the cost of the building far exceeded the origi- 
nal estimate, and the multiplicity of objects was far too great to be sus- 
tained by the comparatively small income of the establishment. The 
increase of the library, by exchanges for the publications of the Institu- 
tion, itself was so rapid that the care aud binding of the books aloue 
absorbed a considerable part of the income. 

The collections of natural history and ethnology belonging to the Gov- 
ernment were transferred to the care of the lostitutioo, and an allow- 
ance of only $4,000 annually made for their support, while, as the Dum- 
ber of specimens was continnally increasing, the sara allowed by Con- 
gress finally scarcely paid more than one-fourth the actual expenses, 
without estimating the rent and cost of repair of the building. Besides 
this. Congress had presented to the Institution a portion of the public 
reservation on which the building is situated. In the planting of this 
with trees, nearly $10,000 of the Smitbson income were expended. 

It is readily seen from this statement that with the increase of th« 
library and museum, the formation of a gallery of art, aud the sustain- 
ing of a public park, all theincome would beabsorbed, and the cherished, 
plan of an institution to facilitate original research, and the publication 
of its resnits, must be abandoned. 

To prevent so andesirable a resalt, advantage was taken of the expo- 
sure of the books after the fire, to urge the plan of uniting the library of 
the Institution with that of Congress, and of the two to form a collec- 
tion worthy thenameof National Library. Theproposition was adopted, 
and tbe results have proved eminently successful. The Library of Coa- 
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gress IB now the largest id tbe CTnited States, the sdeatiflc part of 
which is rapidly becoming, tbrougli tlie Smithaonian exchanges, one 
of the best of the kind in the world. Furthermore, Congress is now 
about to erect a separate bnilding for its accommodation. 

PreTions to this nnion of the libraries, however, an appropriation had 
been made by Cougress for improving tbe public ground betweeii the 
Potomac and the CapitoL Advantage was taken of this to include the 
Smithsoniaa portion of these grounds in the general plan, and t^us to 
relieve the Institution &om the cost of its maintenance. 

The remaining drains upon the income, which continued to diminish 
the active operations, were tbe care of the bnilding and the maintenance 
of the mnseam ; and the next step, therefore, was to induce Gongess 
to relieve the Institution from these. The results, in the mean time, of 
tiie active operations having signally demonstrated tbe importance of 
original research and publications, together witli the genual system 
of exdifmges wkich lutd been adopted, OongiMss finally lent a favorable 
ear to tJie petition for appropriations sufBcient to support the mnseum, 
and now annually appropriates tl&,000 to this purpose. 

In justice to the trust, however, the Government onght to do mnoh 
more than this. It should repay at least a portion of the $600,000 
which have been expended on the building, erected in accordance with 
the instruction of Congress, and far exceeding in cost an edifice wanted 
for the legitimate objects of the Institution. The proper course to adopt 
would be tor Congress to take entire possession of the building for 
tiie National Museum, repay the Smithson fnnd, say $300,000, adding 
$200,000 of this to the principal of tbe tmst-fand, and Emptying the 
remainder to tbe erection of a separate bnilding, consisting of offices, 
laboratories, store-rooms, &c., required for tbe present use of the 
Institution. 

The only other requirement of Congress which has not been fnlly met 
is that of a gallery of art. It is true the Institution owns a very vala- 
able collection of specimens of tbe early masters to illustrate the piog- 
less of the art of engraving, and some articles of painting and scolp- 
ture, which may be considered as forming the commencement of a gal- 
lery of art; but the expense of supporting a collection of this kind has 
been obviated by the establishment in this city of a gallery of art by 
the liber^ty of Mr. W. W. Corcoran, with an income larger than all of 
that from the Smithson fnnd. 

. ^Notwithstanding the various burdens wbich have interfered witk the 
full development of the plan of active operations, It is tbrongh this plan 
that the Institution has made itself known througtaoot every part of 
the civilized world. Tbe publications which result from the facilities 
it has afforded to original research are to be found in all the principal 
libraries, and its specimens in all the great public museums of the 
world. And it is hoped that in future, with the appropriations of Gon- 
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^ress for the support of the niaaenm, still more importaDt results will 
be obtained. 

The success of the plan for realizing the intendons of Smithson for 
increasing and diffusing knowledge among men has been due to its 
simplicity and efficiency. Under a Board of Regents, which holds its 
sessions once a year, the operations of the establishment are directed by 
a single individual, called the Secretary, who, with the consent of the 
KegeutB, employs assistants and disburses the income of the fund. In 
determining the appropriations to different objects of research, the 
advice of persons of established reputation in different branches of 
science is obtained, and in all cases, before an article is accepted for 
publication, it is submitted to a commission of experts, who report upon 
its fltness for adoption by the InstitatJon. In order to obtain a free and 
unbiased judgment, the name of the author, as far as possible, is concealed 
from the examiners, and the names of the latter are unknown to the 
former. By adopting this course the Institution secures the co-opera- 
tion of the best minds of the country*, and in some cases has called in 
the aid of foreign mvaits. It is gratifying to be able to state that in no 
instance has aid of this kind been declined. In this way the greatest 
amount of mental labor is secured with a given expenditure of funds. 
It is true the plan might hare been adopted of electing men of original 
research in the various branches of science, and supporting them entirely 
on the funds of the establishment; but the income was not sufficient for 
this purpose, as will be evident when the fact is considered that the will 
includes all branches of knowledge, and that every subject susceptible 
of increase is entitled to the benefit of the funds. At the beginning, 
however, since Congressdirected the formation of a library anda museum, 
it was necessary that the Secretary should have assistants to take 
especial charge of these two branches of the establishment. With the 
transfer of the library to the care of the Government, a librarian of the 
Institution has been dispensed with; but since the museum is still under 
the care of the Institution, an assistant in charge of this is still re- 
quired, and Professor Baird, who has acted as assistant secretary, has 
had charge of the museum, and has rendered important service, not only 
in the line of natural history, but in that of the general operations of 
the establish ment. 

The greatest opposition to the plan of active operations was made by 
the friends of the establishment of a library, but they have finally acqui- 
esced in the propriety of the course which has been pursued. The num- 
ber of books of the first class which the Institution is bringing into the 
country through its system of exchange, and which are distributed 
to all the large cities of the United States, more than compensates for 
the support of a restricted library in the city of Washington by the 
funds of the Institution. 

The plan in regard to the museum was also at first misunderstood. 
It was supirased that because the Secretary opposed the establishment 
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of a inaBeam at tbe expense of the Institution that lie was not well dis- 
posed toward the advauce of natural history. But this misapprefaensioti 
can readily be removed by the consideratiou that natural history could 
be much more effectually advanced by expending less than a moiety of 
the cost of tbe building for the mnseum and the support of the collec- 
tions, in original explorations, in collecting specimens not to be pre- 
served, but to be distributed to all who might have the desire and ability 
to investigate sjiecial problems in this branch of knowledge. The policy 
in regard to natural history is that of making collections of large num- 
bers of daplicate specimens to illustrate tbe natural productions of North 
America, to make these up into sets, reserving one for the National 
Musenm, and distributing all the others for scientific and edneational 
purposes to the museums of the world. In every case in which appli- 
cation has been made to the Institution by an original investigator from 
any part of the world for specimeua connected with his researches, they 
have been sent to him as far as possible, assurance being given that the 
specimens would be properly used and full credit giveu to the name of 
SioithsoD. Ah tbe specimens are collected, as a general rule, they are 
submitted to specialists in tbe various branches of natural history, who, 
without charge, classify, arrange, and label them for distribution. Id 
this way the Institutiou has done much for natural history ; but it is 
evident that it could have done much more had It not been obliged to 
support a public museum at tbe expense of several hundred thousand 
dollars for an edifice for this purpose. 

One prominent maxim of the Institntion has been " co-operation rot 
monopoly," and another, " in all cases, as far as possible, not to occupy 
ground especially cultivated by other establish menta," or, in other words, 
not to expend the money of the bequest in doing that for which provis- 
ion could be obtained through other means. To gratify men of litera- 
ture as well as to advance an important branch of knowledge, fh>m tbe 
first much attention has been giveu to aotliropology, iuclading linguis- 
tics, antiquities, and everj'thing which tends to reconstruct tbe history 
of man in tbe past; this being a common ground on which tbe man of 
letters and of science could meet as harmonious collaborators. 

From tbe foregoing sketch it will be evident that the theorj- of the In- 
stitution is that of an ideal establishment for the collection of facts, tbe 
elaboration of these into general principles, and a diffusion of the re- 
sidts among men of every race and of every clime. That an institution 
of this character, in which the accumulation of ideas and not merely of 
material objects is tbe great end, should not have been properly appre- 
ciated at first in a countrj- so eminently practical as ours is not surpris- 
ing. But we are happy in knowing it bns been from year to year 
growing in public estimation, and we are encouraged to cherish the 
belief that it will not only realize tbe ide.as of tbe benevolent founder 
of tlie Institution, but also serve as an esample of imitation, while tho 
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errors which may have been committed will also be of aer\-ice iu an 
opposite way. 

There in one feature of the establishment ordained by Congress whitih 
is worthy of imitation in the conduct of all eudoTcmeuts for benevolent 
objects, namely, the restriction of all expenditures 4:o the annual interest. 
This rule has been rigorously adhered to in the conduct of the Institu- 
tion, and after exjiending, in accordance with the act of Congress, up- 
ward of $600,000 on the buildings, the ori^nal fund i-emains intact with 
an addition made to it of upward of $150,000 by savings, judicious 
investments, &c. 

PINANCEa. 
The following is a general statement of the condition of the funds at 
the beginoing of the year 1873 : 

The amount originally received as the bequest of James 
Smithson, of England, deposited in the Treasury of the 
Uuited States, in accordauce with the act of Congress of 
August 10, 1846 «515,169 00 

The residuary legacy of Smithson, receivetl iu lS6d, de^ios- 
ited in the Treasury of the United States, in accord- 
ance with the act of Congress of February S, 1867 26, 210 63 

Total bequest of Smithson u-11, 379 03 

Amount deiKisited iu the Treasury of the Uuited States, as 
authorized by act of Congress of Febmarj' 8, 1867, as 
derived from savings of income and increase in value of 
investments 108, 020 3? 

Total permanent Smithson fund in the Treasurj- of the 
United States, bearing interest at 6 per cent., payable 
semiannually in gold 650,000 00 

In addicidn, there remains of the extra fiind from savings, 
&c., in Virginia bonds, at par, $.SS,125.20, now valued at. . 37, 000 00 

The balance in First National Bank Ist of January, 1873 ... 17, 811 30 

Total Smithson funds 1st January, 1873 704, 811 30 

The income of the Smithson fund during the year, including 

premium on gold, was 46. 916 45 

The expenditures were 45, 420 11 

Leading a balance of 1,490 34 

To be added to the balance at the beginning of the year 1872. 

Included in the income was $3,004.90 derived from back interest mi 
the Virginia bonds. The value of these bonds has appreciated during 
the year. 
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PDBLICATtOUa 

The publications of the Institution are of three classes — the Con- 
tributions to Knowledge, the Miscellaneous Collections, and the Annual 
fieports. The first consist of memoirs containing positive additions to 
science resting on original research, and wliich are generally the result 
of investigatioaB to which the Institution has in some way rendered as 
sistance, or of such an ext>enBive character as cannot otherwise be pub- 
lished. The MisceUaueous Collections are composed of works intended 
to faciUtate the study of branches of natural history, meteorology', &c„ 
and are designed especially to induce individuals to engage in studies 
as specialties. The Annual Reports, beside an account of the opera- 
tions, expenditures, and condition of the Institution, contain translations 
from works not generally accessible to American students, reports of 
lectures, extracts from correspondence, &c. 

The following are the rules which have been adopted for the distribu- 
tion of these publications : 

lat. They are presented to learned societies of the first class which in 
return give complete series of their publications to the Institntion. 

2d. To libraries of the first class which give in exchange their cata- 
logues and other publications, or an equivalent, from their duplicate 
volumes. 

3d. To colleges of the first class which furnish meteorological observa- 
tions, catalogues of theh- libraries and of their students, and all other 
publications relative to their organizarion and history. 

4th. To States and Teixitories, provided they give in return copies of 
all docmnents published under their authority. 

5th. To public Ubraries in this countrj-, not included in any of the 
foregoing classes, containing 16,000 volumes, especially if no other copies 
are given in the eame place, and to smaller Ubrarios where a targe di.'j- 
trict would be otherwise uusupplied. 

0th. To institutions devoted exclusively to the promotion of particular 
branches of knowledge are given such of the pablications as relate to 
their respective objects. 

7th. The Reports are presented to the meteorological observers, to con- 
tributors of valuable material to the Ubrary or collections, and to per- 
sons engaged in special scientific researcli. 

The distribution of the pubUcations of the Institution is a matter 
which requires much care and a judicious selection of recipients, the 
gi-eat object being to make known to the world the truths which may 
result from the expenditure of the Smithson fiuid. For this purpose, the 
principal class of pablications, namely, the Contributions, are so dis- 
tributed as to be accessible to the greatest number of readers, and this 
is evidently to principal libraries. 

The volumes of Contributions are presented on the express condition 
that while they are to be carefully preserved they are to be accessible to 
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students and others who may desire to coDBult them. These works, it 
must be recollected, are uot of a popular character, but require profound 
study to fully underBtand.them. They are, however, of immense impor- 
tance to the teacher and the popidar expouuder of science. They con- 
tain the materials Irom which general treatises on special subjects are 
elaborated. 

Full sets of the publications cannot be given to all who apply for them, 
since this will be impossible with the limited income of tbe Institution ; 
and, indeed, if care be not exercised in tbe distribution, so large a portion 
of Ibe income will be annually expended on tbe distribution of what has 
already been printed that nothing further can be done in tbe way of new 
publications. It must be recollected that every addition to tbe list of 
distribution not only involves the giving of publications which have 
already been made but also of those which are to be made hereafter. 

At tbe commencement of the operations of the Institutiou the publi- 
cations were not stereotyped, and consequently the earlier volumes have 
now become scarce, especially the/r#(, of which there are no copies for 
distribution, although it can occasionally be obtained at a second-hand 
book -store in some of the larger cities, the authors having been allowed 
to strike off an edition to sell on their own account. 

No copyright has ever been taken tor any of the publications of tbe 
Institution. They are left free to be used by tbe compiler of books 
without any restrictions except tbe one that full credit shall be given 
totbenameofSmithsonfor any extracts which may be made from them. 

The printing of the publications of the Institution almost since the 
organization has been principally done at Philadelphia, by tbe bouse of 
T. K. Collins, under the superintendence of Mr. J. W. Huff, whose accu- 
racy and typographical skill leave us nothing to desire in this line. 
The stereotype plates are all deposited in the fire-proof vault of the 
basement of the Academy of Natural Scieuce, Philadelphia ; and to 
this society the Institution has Iteen indebted many years for the cour- 
tesy of storing, free of cost, this valuable property. 

PublieatioTia in 1872. — During tbe past year the volume of Tables and 
Results of the Precipitation in Rain and Snow in the United States and 
at some stations in adjacent parts of North America, Central aud South 
America, has been printed aud partly distributed. It consists of 178 
quarto pages, with five plates aud three charts. It contains the abstracts 
of all the records of observations of the rain-fall which have been made 
from the early settlement of this country down to the close of the year 
1866, so far as they could be obtained. These records are from about 
twelve hundred stations, and consist of the observations made luider 
the direction of tbe lustitntiou, assisted siuce 1854 by the Pateiit-Uffice 
and Department of Agriculture, of those of the Medical Department of 
the United States Army, of those by the United States Survey of tbe 
North and Northwest Lakes, of those made by the New York University 
system, by the Franklin Institute in Philadelphia, and also of those by 
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Other Rcientiflc institutions and indiridnals. During the past year the 
compilers liave completed the tables of rain for 600 SmithsoDiau stations 
for the years 1868, 1869, and 1870, and of 220 ujilitaiy posts &om Decem- 
ber, 1864, to November, 1871. The result of all the observations has 
been iucorporat«d iu the charto pnblished in 1873, bat the tables will be 
combined with those already pnblished at some fature time. 

It is proper here to express onr obli^tions for the vdnable co-op«^ 
tion of the Medical Department of the Army, under Surgeon-Oeueral 
Barnes, who has given ns &ee access to all the unpublished records ; and 
also for that of the Department of Agricaltnre, under its former commis- 
sioner, General Gaprou. These tables famish the means for important 
deductions intimately connected with the agriculture, commerce, and 
mechanical industry of the country, while they constitute a valuable con- 
tribution to the physical geography of the globe. 

This memoir is one of a series embodying the results of all the labors 
of tbe Smithsonian Institution in regard to the meteorology of theUnited 
States. These will include not only all tbe observations which have been 
made under its own direction, but also the discussion of all that has been 
made by other parties. The whole series will embrace the tabniutiou 
and discussion of observations on the temperature, atmospheric pressure, 
direction aud force of the wind, moisture of the air, and miscellaneous 
phenomena. 

Another work, that of Dr. Horatio C. Wood, jr., of Philadelphia, on 
the /reek-wuter aigw, was briefly noticed in tbe report Tor 1870. It forms 
a complement to the great work on the marine algee by Dr. Harvey, 
published in 1858 by the Smithsonian Institution. It is illustrated by 
numeroQS drawings, made principally under the microscope, and will 
serve to illustrate an obscure department of botany, and also to fiimish 
tbe means bywbich investigators of minute mieruscopicalorganismsmay 
compare recent and fossil forms. The work was presented to tbe Amer- 
ican Philosophical Society and also to tbe Academy of Nataral Sciences 
of Philadelphia, but the expense of the engravings prevented either of 
these societies from undertaking its publication, although it was consid- 
ered entirely worthy of their adoption. It was referred by the Institu- 
tion to Dr. Torrey and Professor Barnard for critical examination, and 
published on their recommendation. 

A large part of the material for this work was gathered by Dr. 
Wood himself although be was indebted to several persons for aid, 
es|>ecially to Dr. J. S. Billings, of the United States Army, for col- 
lections made near Washington ; to Professor Bavenel, of South Car- 
olina, for collections in Texas, South Carolina, and Georgia; to Mr. 
C. J. Austin for specimens gathered iu Northern New Jersey f to Mr- 
William Oanby for collections obtained in Florida; to Professor Sereuo 
Watson for others fh>m tbe Rocky Mountains; and to Dr. Lewis for 
Biieciinens firom the White Alountains. The work embraces all families 
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of the fire«h-water algsB except the difitoinace%, which are ao numeroas 
as to constitute in themselves a special object of stady. 

The synonomy of Professor Babeuborst has beeu generally followed, 
this naturalist having gone over the sabject most thoroaghly, with fall 
access to all its literatore. " To attempt to differ from him," says l>r. 
Wood, "would cause endless confusion. I have therefore uearly always 
contented myself with his dictum, and have referred to him as authority 
for the names adopted." The memoir in question consists of 272 pages, 
and is illustrated by 21 quarto-plates of a very expensive character, since 
they required iu most cases a number of printings to produce the differ- 
ent colors. 

Another investigation to the prosecution of which the Institution has 
contributed is that by Mr. Willium Ferrel relative to the tidea. To this 
subject the author has given much attention, and has completed a me- 
moir in regard to it, which is now in the press. This memoir does not 
purport to be a regular treatise on the tidal theory, but is for the most 
part supplementary to what has already been done. It does not, there- 
fore, include elementary- principles, but pertains principally to those parts 
of the general theory iu which new results are attainable or old ones 
susceptible of being presented in a more concise and simple manner. 
For the author's purpose, however, it was necessai^ to go over much of 
the ground which had been investigated; but all those parts of the sub- 
ject which had ah'eady beeu well treated are passed over with a mere 
referenceas to where they might be found. At the timewhen thissubject 
was treated by La Place, Yonng, and Airy, but few observations had 
been made and little attention had been given to the accurate compari- 
son of the results of observation with those of theory, or to the forma- 
tion of tables for the purpose of predicting the time of the phases of the 
tides. For accomplishing the result it is necessary to obtain not only 
an accurate develo[iment of the solar and lunar disturbing forces, but 
also to determiae the expressions which shall represent most accurately 
the tidal relations to any one part of the whole of these disturbing forces. 
"Every investigator of the tides," says the author, "must frequently have 
felt the great need of formulae of this kind prepared to his hand, which 
be oould use and thus save tiie labor of dif&cult developments and ac- 
curate determinatious of co-effluieuta iu special cases." This great need 
tlie author has attempted to supply. 

Believing that most of the hitherto unexplained apparent anomalies 
in the tides are due to the friction of the water on the surface of the 
earth, the author bas ^veu special attention to the effects of this in 
all the various cases, not only on the hypothesis of its being in direct 
proportion to the velocity but also as the square of the velocity. The 
results obtained iu this part of the investigation are regarded as being 
interesting and im^wrtant iu relation to some of the phenomena of the 
tides which havu not hitherto been explained, especially to the occurrence 



itizecy Google 



24 REPORT OF THE 8ECRETABT. 

of the greatest tides in the Atlantic one or two days after the time of 
tlie greatest force. A correct tidal theory should furuiah the data for 
a determinatioD of the moon's mass ; and this detei-mination sliould be 
the same for every port. Considering this as one of the best tests 
of any tidal theory, the author has given much attention to framing 
various equations from theory for this purpose, and to their application 
to the results of tidal observations at varioua ports. The oomparisons 
are made with the extended series of observations of the United States 
Coast Survey and with the results obtained by the Tidal Committee of 
the British Association from the analysis of tidal observations of various 
ports by means of the harmonic method of analysis. The memoir also 
coQtaius the discussion of the pablisbed series of observations of the 
French government at Brest, with a comparison of the results with 
theory, and a chapter on the retardation of the earth's rotation on 
account of the tides, and its effect upon the apparent secular variation of 
the moon's motion in its orbit. 

Beside the labor expended on this memoir in the line of higher mathe- 
matics, it involves arithmetical computations of a very laborions charac- 
ter, the expense of which will be defrayed by the Institution. 

Tlie investigation of the orbit of Uranus, by Prof. 3. Ifewcomb, of 
(he National Observ;>tory, was substantially completed in October last, 
und has since been entirely prepared for the press, with the exception 
of some final revision. Considerable additions und nlti-rations are, 
however, still required in the appended tables, to be used fur comput- 
ing ephemerides of the planet; but these the author hO[>es to complete 
in a few months, so that the work may be put iu the hands of the 
printer early in 1873. 

This work, on which the author has been engaged for thirteen years, 
has absorbed the greater part of his leisure time I'rom his duties iu the 
National Observatory during the last five years. Its preparation not 
only involved abstruse mathematical discussions, but also arithmetical 
calculations of verj- great extent. The latter were made at the expense 
of the Institution ; and through the assistance thus rendered, Professor 
Newcomb has been enabled to complete his imi>ortant investigations 
without devoting his energies to labors which could be well performed 
by intelligence of a less valuable character. 

The following remarks by the author of this work may here be con- 
sidered in place : 

"It will perhaps surprise those not especially devoted to astronomy 
to learn that, although the planet Neptune has been known for a 
quarter of a century, the positions of Uranus iu all the astronomical 
ephemerides of Europe are still computed, without regard to the action 
of that body, from the old tables of Bouvard, dating back as far as 1820, 
the errors of which led to the discovery of Neptune in I84fi. A result 
of this was that au occultatlon of Uranus by the moon, which occurred 
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m 1871, vas erroneously predicted by the Nantical Almanac to the 
extent of some six minutes, aud in consequence a uomber of observcvs 
vho were on the alert to see so rare a pheoomenon missed it entirely. 
An outcry was raised against the almanac in conaequeoee, but it was 
met by the remark that that work could use ouly sach tables as were 
at its disposal, and that the construction of new ones corresponding 
to the present state of nstroQomy was now almost beyond the power 
of any individnal, and conld only be undertaken under the auspices of 
some safiQcieutly liberal government. 

" The disinclination of astronomers to nndertake such a work as this 
may be illustrated by the fact that the tables of Jupiter and Saturn, as 
well as those of Urauna, are more than fifty years old, and are, of 
course, considerably in error. The Astronomical Society of Germany 
has been engaged in preparing the data for new tables of Jnpiter during 
the past five years, but I am not aware of any recent report of progress. 

" The first chapter of the work gives an exposition of the method 
employed in calculating the action of the disturbing planets Jupiter, 
Saturn, and Neptune on the motion of Uranus. In the second chapter 
this method is illustrated by quite a detailed calculation of the pertur- 
biitions of TJranns produced by Saturn, including, however, only those 
which are of the first order with respect to the disturbing force. lu the 
third, the perturbations produced by Jupiter and Neptune are given, but 
the computations are not presented with the same detail. The fourth 
chnpter opens with a preliminary investigation of the orbit of Saturn, 
nsing Hansen's perturbations and tbe Greenwich observations, the 
object being the accurate determination of the terms of the second 
order. This is followed by the computation of the terms of the second 
order produced by Saturn, which include those containing as a fact&r 
either the square of the mass of that planet, or the product of its mass 
by that of Jnpiter or by that of.Uranos. The moat remarkable of 
these terms is one of very long period, in which the results differ materi- 
ally from those of other antborities, includiug Lo Verrier, Delaunuy, 
Adams, and Hansen, who all agree among themselves. I cannot find 
any error in my work, and so must, of course, retain my own result, 
leaving it to future investigators to find the cause of the discrepancy. 
Tbe difiference is of such a nature that it cannot affect tbe computed 
position of tbe planet until after the lapse of more than a century. 

"The sixth chapter gives adiscussion of all the observations of Uranus 
which have been published and reduced in such a manner as to be 
made use of. The entire number is 3,763. The correction t» a provis- 
ional theorj' given by each series of observations is deduced. 

" The object of the seventh chapter is to apply such corrections to the 
elements of Uranus and the mass .of Neptune tbat the observations 
shall be represented with the smallest possiblcoatstanding errors. The 
mass of Neptune comes out y7rfj[(ti^'>'><*^^^^i<!^'y t*)^ same as that found 
by Professor Peirce more than twenty years ago. 
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"The representation of tbe observatiooa by tbe coaclnded tbeory will 
probably be regarded as good. Tlie mean outstanding diSerence dur- 
ing eacb five years since the discovery of tbe planet only exceeds a 
second of arc in a single instance, namely, during tbe years 1822-'26, 
when it nmouuts to 1".4. This agreement is verj' mucli better than any 
obtained before. Still the vast number of observations nsed, and tbe 
care taken to reduce them to a uniform standard, led me to believe a 
bett«r representation possible) and the outstanding differences, minute 
though they be, follow a regular law, tbos showing that tbey do not 
arise A-om the purely accidental errors of observation. How far they 
arise from errors in L:y own theoretical computations, how far from the 
reductions of the observations themselves, and how far fhim the una- 
voidable errors of tbe instraments, I am unable to say without fiirtber 
investigation. It would be desirable to learn whether they may be due 
to the action of a trans-yeptunian planet, but to do this would require 
an entire re-reduction of all the older observations. Such a work is on 
many accounts an astronomical desideratum, but it could not be under- 
t^en except under tbe au8i)ices of the Government. 

" In tbe eighth chapter tbe general formulie and elements are collected 
and expressed ia the form most convenient lor permanent use. 

"The ninth and concluding chapter gives tables by which the position 
of the planet muy be computed for any time between tbe Christian era 
and the year 2300." 

It has been mentioned in several of the reports that tbe Institution 
has collected large numbers of vocabularies of the several Indian lan- 
guages of North America, including those of the Indian tribes of Wash- 
ington Territory, California, northwest coast, Kew Mexico, Arizona, and 
the prairies ; that these bad been placed in the bands of Mr. George 
Gibbs for critical study and revision ; and that, after consultation with 
some of the principal philologists of tbe country, it had been concluded 
to publish tbem, as it were provisionally, as material for ethnological and 
linguistic investigations. During tbe post year Mr. Gibbs has devoted 
considerable time to tbe arrangement of these vocabularies, and has 
completed the preparation for the press of one of the sets, namely, that 
of the Selish language, which is now in tbe bands of the printer.* 

In order to facilitate the re-arrangement of the collections of the 
National Museum, the Institution has requested experts in tbe vsirious 
branches of zoology to prepare catalogues exhibiting tbe best arrange- 
ments of the several classes of the animal kingdom ; tbe families, in 
each case, to be numbered in successive order, and the subfamilies to 
be indicated by letters, thus: "15,Canidie; {li>)a, Canioee; (15) {i,Mega- 
lotiuse," &c It is intended that these numbers and letters shall be 

* Since the preaentatlou of thia report, the work iu qoeBtion has been stopped by the 
d«ath of Mr. Gibbs, one of the mogt esteemed collaborators of the Inslitntion. 
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ftttflcfaed to the specimens or receptacles containiog tbem, and tbns tlie 
aeeacy of an ordinary laborer, or one unconvereant with the auimals, 
can be utilized in sending for specimens, replacing them, and revising 
the collections. 

In accordance with the requests made, Professor Gill has prepared three 
cntalognes, one on the arrangement of the families of mollusks, referred 
to in prevloas reports; another on the arrangement of the families of 
mammals; and a tbirdon the arrangement of the families of fishes. The 
last two were published in 2Tovember, 1872. 

The "arrangement of the families of mammals" embraces a list of the 
recent as well as extinct families and subfamilies of the class. Of 
these, 136 are recognized. These are combined under fonrteen orders 
and three subclasses, the sabclasses being those almost universally recog- 
nized at the present time — monodelphia, didelphia, and ornitbodelphis. 
The orders of monodelphia have been segregated into two higher divi- 
sions, or "super-orders," equivalent to the educabilla and ineducabilia 
of Prince Bonaparte, but with other chiiracters derived from the int«rior 
structure of the brain ; the educabilia correspond with the archencephala 
and gyrencephala of Owen combined, and the ineducabilia to the lissea- 
cephula. 

"Synoptical tables of cbaractefs of the sabdivisions of mammals, 
vith a catalogue of the genera," have been in part published in connec- 
tion with and under cover of the arrangement of the families of mam- 
mals, embracing pages 43 to 98 of that work ; only that portion em- 
bracing the orders of educabilia has been completed, the remaining 
portion having been necessarily deferred-. In contrasted dichotomous 
tables are given characters successively of the (1) subclasses, (2) the or- 
ders of monodelphia, aud (3) the suborders, (4) families, and (Ej) sub- 
families of each group of the educabilian monodelphia. The " arrange- 
ment of the families of fishes " is limited to an enumeration of the sur- 
viving families of the class, and was especially prepared for imme- 
diate nse. The group of " fishes" is considered as an artificial combi- 
nation, and is divided into three classes — fishes proper, marsipobranchi- 
ates, and lept ocardians. The three classes contain 244 families, of 
which the true fishes embrace 240 ; the marsipobrsnchiates, 3 ; and the 
leptocardians, only 1. The families of the fishes proper are combined 
mider eighteen orders and three subclasses ; the teleostein ganoidei and 
elasmobranchii differing in this last respect fiomMitller's — the most gener- 
ally accepted — classification simply in the union of the ganoids and dii>- 
noans. The greatest deviation from the cnrrent classifications is the 
constitution of the order teleocephali. In an extended introduction the 
reasons are given for the modifications suggested. 

A large demand has been made for these catalogues for the arrange- 
ment of other museums and collections. 

It wa3 mentioned in the last report that a new edition of the List of 
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Foreign Correspondeuts of the lustitution was in press. This work, con- 
taining all the later additions to the list, has been published, and is now 
in nse by the Institution and its correspondents. 

It was also stated that a List of the Scieutific, Edacational, and Liter- 
ary Establishments in the United States was in press. Thia worlt, which 
was prepared by Mr. W. J. Bhees, the chief clerk of the Institution, lias 
been publislieil, and is of much service in the distribution of the publi- 
cations of the lustitution, as well as those of the difTercut Departments 
of Government, and of educational establishments, and will be of assist- 
ance to members of Congress in the distribution of documents. It 
' includes 8,575 titles of societies, librai-les, &c., as follows: 

Colleges, male and female, (so-called) 758 

Academies, normal and high-schools 2,S50 

Law schools and libraries 53 

Medical schools and libraries 221 

Tlieological schools and libraries 127 

Observatories 23 

Scientific societies and libraries !)4 

Agricultural societies 1,083 

Libraries, general 2,693 

Asylums aud hospitals 491 

Asylums for insaue 65 

Asylums for deaf aud dumb 38 

Asylums for blind 30 

Prisons having libraries. 51 

For the purpose of forming a general hypsometrical map of the North 
American continent and for collecting together, for permanent record 
aud publication, the data on which such a map should be based, letters 
of request have been sent out in every direction hltely to be available 
for such information, while the printed re|X)ris of the various govem- 
meuta), military, and geological expeditions and of railroad and canal 
surveys have been consulted and mado to render tribute. The whole 
of this work has been placed in charge of thetopognipherof the PoRt- 
OfBce Department, Mr. Walter L. Kicbolson, who reports in regard to 
it as follows: 

" ContribMtions, in manuscript, have been received from 312 engineers 
and other officers of railroad companies, fumisfaing a large body of valua- 
ble facts, which, with the heights shown on upward of 70 graphic pro- 
files collected, give upward of 16,000 points more or less accurately 
determined, over the several States and Territories. 

But great labor and perplexity have arisen from the discrepancies 
found to exist among many of the statements given, owing, chiefly, to 
the various planes of reference used in the surveys, and to the indefi- 
Diteness in their references; and great ditQculty has been experienced 
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in co-ordinating the items so as to refer tbem all to a common base, the 
mean level of the sea, while another source of iucobereDce remains from 
the QOD-retura of answers from numerous railroad corporations, which 
hare been applied to with all possible courtesy aud with expression as 
to the valne of the reBults soughL TTnfortuiiately, many corporations 
and engineers have lost or takeu no pains to preserve the rcoord of 
their surveys. 

These collections of heights have been copied in twenty-live quarto- 
volumes, for preservation and couvenieDco iu collation. The heights 
aro arranged under the names of places alphabetically, under the 
headings of the iudividaal States, &c., for couvenience of reference 
when published — giving county, speciflcatiou of locality, and authority, 
with notes where required. 

This large mass of material is, in greater part, copied in manuscript 
directly from the returns — the individual names to be finally cut off iu 
^lips aud arranged alphabetically for printing. While this is being pro- 
ceeded with, a map has been projected, to represent the mean results of 
these data, on a scale of five-millionth, size of map 52 inches by 30 inches, 
which will embrace the large area from 15° to 58° latitude, and, from 
east to west will take in Newfoundland, the Bermudas, the larger 
West India Islauds, (to St. Thomas,) and on the northwest coast, Van- 
couver's Island and Queen Charlotte's Island, exteudiog thus well up 
iuto Hudson's Bay and down to Central America." 

This work will form the basis of a physical map, aud will be useful 
for many pur^wses of reference other than that of hypsometry. 

The report of the Institution for the year 1871 was presented to Con- 
gress, and ordered to be printed. A resolution was offered as usual order- 
ing an extra number of copies } and tlie House of Representatives directed 
an edition of 20,000 copies. This number waa reduced in the Senate to 
12,500, and unfortunately, before an arrangement satisfactory to both 
branches of Congress could be mode, the adjournment took place. TTp 
to this time, however, no further action has been taken, and tlie Insti- 
tution is still without extra copies for distribution. 

As an offset to this disappointment, we are gratified to be able to 
state that a resolution passed Congress at the last session, directing 
that an edition of 2,000 copies of all the reports of which there were 
stereotype plates be printed for the use of the Institution for distribution 
to public libraries and especially to colleges and higher academies. The 
series of eight volumes thus reproduced includes the reports from the 
years 1863 to 1870, inclusive. 

We doubt not that Congress before the close of the present session 
will order the Public Printer to strike off tho usual number of copies 
from the stereotype plates of the report of 1871, and that we shall thus 
be enabled to gratify in some measure the increasing calls upon the In- 
BtitutJon for copies.of this document, 
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In addition to tbe report of tbe Secretary, giving an account of the 
operations, expenditnies, &c., of the Institution, aud tlie proceedings of 
tlie Board of Eegents to tbe 4th of April, 1872, tbe report for 1871 
containsamemoirof Sii John Frederic Wilbam Her8chel,by N. S. Dodge, 
esq. ; a eulogy on Joseph Fourier, by Arago ; an account of Prof, Thomas 
Graham's scientific work, by William Odling; translations from the 
German of a lecture on the relation of the physical sciences to scieuce in 
general, by Dr. Helmholtz ; a lecture on alternate generation and par- 
thenogenesis in tlie animal kingdom, by Dr. G. A. Komhuber ; a lecture 
OD tbe present state of our knowledge of cryptogamous plants, by Heury 
William Beichardt ; an original paper on the secular variationa of the 
planetary orbits, by John K. Stockwell, beiug an abstractof tbe elabor- 
ate memoir published by the Institution in the Contributions to Knowl- 
edge j an original article on methods of interpolation applicable to tbe 
graduation of irregular series, such as tables of mortality, &c., by G. 
L. DeForest; a translation of the transactions of the Society of Physics 
and Natural History of Geneva from June, 1870, to June, 1871; the scien- 
tific instructions to Captain Hall's north [wlar expedition; together 
with a large number of articles on ethnology and meteorology. 

EXOHANGBS. 

Tbe labors oftbelnstitntion in promoting literary and scientific inter- 
course between this country and other parts of the world have been 
continued during the past year. The system of international exchanges 
includes not only alt the principal libraries and important societies, but 
also a considerable number of the minor institutions of Europe. The 
following table esbibits the number of establishments in each country 
with which the Smithsonian is at present in correspondence : 

Sweden 20 

Sorway 22 

Iceland 2 

Denmark 27 

Biissia 155 

Holland 62 

Germany 588 

Switzerland 63 

Belgium 105 

Prance 229 

Italy 156 

Portugal 20 

Spain U 

Great Britain and Ireland 330 

Greece 7 

Torkey 11 

Africa 19 
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Asia 36 

Australia 26 

New Zealaud 13 

Polynesia 1 

Soatli America 30 

West ludies 7 

Mexico 9 

Oentral America 2 

British Amevica 18 

General 4 

Total 1,S85 

As in previous years, the Institution has received important aid from 
various st«amer and railroad lines iu tlie way of free freights, without 
which the expense of carrying on the system would be far beyond the 
means at command. Acknowledgment is agaiu due fur the liberaUty of 
the following eompauies: 

Pacific Mail Steamship Company. 

Panama Railroad Company. 

Pacific Steam Navigation Company. 

New York and Mexico Steamship Company. 

New York and Brazil Steamship Company. 

North German Lloyd's Steamship Company. 

Hamburg American Packet Company. 

French Transatlantic Company. 

North Baltic Lloyd's Steamship Company. 

Inman Steamship Company. 

Canard Steamship Company. 

Anchor Steamship Company. 

The Adams Express Company also continues its liberal policy in re- 
gard to freight for the Institntion. 

During the year 2,561 packages, containing many thousand different 
articles, were transmitted to foreign countries. These packages filled 
159 large boxes, having a cubical content of 954 feet, and weighing 
26,850 pounds. The parcels received at the Institution for parties in 
this country, in addition to those for the Smithsonian librwy, num- 
bered 4,635. 

It was mentioned in the last report that the advantages which result 
from the system of international exchanges had become so apparent 
that arrangements similar to those adopted by the Smithsonian Insti- 
tution are beginning to be introduced into different parts of Europe, and 
that a central scientific bureau for the Netherlands had been estab- 
lished at Amsterdam to receive and transmit packages for different 
parts of the world, and in the United States to co-operate with the 
Smithsonian Institution. A similar arrangement haa been proposed in 
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BruBsels, by whicb the Belgian Academy will becotoe a center of scleutiflo 
exclianges. 

Daring tbe past year ve bave received asnsual, from pereons abroad, 
copies of works to be distributed gratuitously t{> institutiona and in- 
dividuals iu this countrj-. 

Tue following are tbe regnlations which are to be observed by parties 
availing themselves of tbe privilege of the SmithsoniaD system of ex- 



"The Smithsonian lostitutioa receives parcels at aoy time with 
assurance of speedy delivery, at least to the more important addresses, 
upon tbe following conditions, whicb must be strictly observed : 

"1. Every package without exception must be enveloped iu strong 
paper, aud secured so as to bear separate transportation by express or 
otherwise. 

"2. The address of tbe institution or individual for whom the parcel 
is intended mnst be written legibly on tbe package, and the name of 
the sender must be written in one comer. 

"3. !No siugle packagemust exceed tbe half of a cubic foot in bulk. 

" 4. A detailed list of addresses of all tbe parcels sent, with tbeir 
contents, must accompany tbem. 

" 5. "Ko letter or other communication can be allowed in the parcel, 
exceptingsuch as relates exclusively to tbe contents of the package. 

«G. All packages mnst be delivered iu Washington tree of freight 
and other ex]>enses. 

"Uuless all tbese conditions are complied with, tbe parcels will not 
be forwarded from tbe lustitution, and, on tbe failure to comply with 
the first and second conditions, will be returned to tbe sender for cor- 
rection. 

"The Institution recommends that every parcelsballcontainablank ac- 
knowledgment, to be signetlby tbe recipient and returned, either through 
tbe agent of thelnstitntion, or, what is still better, direct by mail, to the 
sender. Should exchanges be desired for what is sent, the factshould also 
beexplicitlystatedontfae accompanying circular. Much disappointment 
has often been expressed at the absence of any return in kind for trans- 
missions; but unless these are specihcally asked for tbey will fre- 
quently fail to be made. It will facilitate tbe labors of the Institution 
greatly if the number corresponding to tbe several addi-esses in the 
Smithsonian printed catalogne be marked on tbe luce of each parcel ; 
and for this puri)08e a copy of the work will be forwarded to all who 
api>ly for it. 

"Specimens of natural history will not be received for transmission, 
unless with a previous anderstanding as to their character and bulk." 



It was stated in the last report that the accessions to the library dur- 
ing 187 L had not been as large as they were the year before, on actxtuut 
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of the war in Europe. InlSTOtlie whole number of books, &c., received 
was 5,182 ; in 1871, 4,597 ; while during 1872 it has been 5,962, as will be 
seen from the following detailed statement of tlie books, maps, andcharta 
received by exchange in 1872 : 

Volnmea : 

Octavo or less 975 

Quarto or larger 287 

1,362 

Parts of volumes: 

Octavo or less 1,371 

Quarto or larger 1,250 

2,621 

Pamplilcts : 

Octavo or less 1,557 

Quarto or larger 324 

1,881 

Uaps and charts 198 

Total receipts 5,963 

The following are some of the principal donations received in 1872 : 

From Uie Commission eurojigt-nue dii Danube, Galatz — " M^moire sur 
les tnivanx d'am^lioration ex^cut^a aux cmboucliures du Danube," with 
an attas of 40 plates. 

From A. W. Pranks, esq., London — " Catalogue of the Collection of 
Glass," formed by Felix Slade. London, 1871. Folio. Beautifully illus- 
trated. 

From the Obaervatorio do Infnute D. Luiz, Lisbon — " Annals." Vol6. 
iii-viii, 1806-1870. Folio. 

From the Institut de Prance, Paris — " M6moire» de PAcad^mie des 
sciences." Vols, xxxvi, xxxvii. 4to. "Comptes-reudus." Vols. Ixviii-lxx. 
<' Tables fifin^rale," 1851-1805. 4to. 

Fi-om Dr. K. Keck, Berlin, 203 pam|>hlets — University Theses. 

From the University of Tiibingen — " Eepnrtorium morale." Vols, i-iii. 
1489. Folio. "Uuiversitiitsschrifteii," 1870; aud 18 pamphlets. 

From the Uuiversitiesof Boun, Briangen, Giessen, Gottingcn, Greifs- 
wald, Halle, Heidelberg, Jeua, Leipzig, Marburg, Pesth, Bern, Ztirich, 
and Havana — Inaugural Dissertations for 1871. 

From the Royal •Veterinary Academy, Utroebt — 47 pamphlets. 

From the University and Goverumeut of Chili, Santiago — 10 vol- 
umes aud 2 pamphlets. 

From the Public Library of Buenos Ayres — 151 volumes, 334 parts 
of volumes and pamplilets, and 7 charts. 

From the Hungarian Academy of Scieuces, Pesth — 9 volumes aud 
33 parts of volumes. 

From the Boyal Public Library, Stuttgart — 26 volumes and 11 parts. 
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Prom the HydrograpLic Department of the Ministry of Marine, St 
Petersburg — 57 charts, 16 volumes, and 9 parts. 

From the Royal Academy of Sciences, &c., Itonen — " M^moire eai 
le Oommiijsion maritime de Rouen," vols. 1 and ii; and "Pi'^cis ana- 
lytique," 1804-1870, 14 volumes. 

From the Ohio State Library, Columbus — 13 volcmes and 5 charts. 

Among tlie donatious there are two which deserve especial notice, 
namely, the memoir upon the works which have been executed for the 
improvement of the mouth of the Danube, and the facsimiles of the 
Egyptian papyrus. 

The first comsists of an account, with a large atlns of plates, of the 
iDveatigatioUB which have been made in regard to the obstruction in 
the way of navigation of the outlet of the Uaoube, through several 
channels along the delta of the river. Tliis subject api>ears to have 
been of so much importance that a commission was instituted in accord- 
ance with the provisions of the treaty of Paris of 30th March, 1850, 
including the represeutatives of seven different powers. The body of 
the memoir in question gives an extended account of the following sub- 
jects: 1. Preliminary investigations aud preparatory works; :;. The 
choice of the mouth to be improved, aud an elaboration of a definite 
project; 3. Tlie provisional work. An appendix presents the report of 
the chief engineer, Sir Charles Hartley, containing: 1. A genera) de- 
scription of the delta of the Danube; 2. The formation of the bars; 3, 
The means of improving the entranee to the river; 4. A comparison 
ot the different branches ; 5. The result of meteorological and technical 
observations from 1859 to 186i'i; 6. Statistics relative to commerce and 
navigation. The memoir is accompanied by a large atlas of 40 double- 
folio colored plates. 

The work is one of great value to the engineers of this country, in 
reference to the improvements which will doubtless be undertaken in 
regard to the rivers aud water-courses of the United States. To this 
subject public attention lins not been directed with an intensity com- 
mensurate with its importance. 

If we cast an eye on the map of the United States and view the rela- 
tion which exists between the vast body of water in the northern lakes 
and the branches of the Mississippi and the Ohio, we must be struck 
with the means which nature has placed within the power of man for 
improving the navigation of the great water-courses which form the 
channels of communication between the interior of the country and the 
sea-board. 

We have, in a previona report, mentioned the interesting fact that 
among onr corre-spoudents was the Institute of Egjpt, founded at 
Alexandria in 1859. Since then our correspondence with that coun- 
try has been kept up,and more especially increased during the last year 
by the visit to that country of one of the members of the Board of 
'Eegents, General Sherman. We have received from General Stone, of 
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the GfOTtisB army, an iut«resMng chart of the fluctnations of the Nile, 
and (rova the author, Augusts Mariette Bey, the fac-similes of tbe E^y[)- 
tiau papyrus in the museum of Boulaq, prepared under the auspices of 
S. A. Ismail Pacha, Khedive of Egypt. These facsimiles occupy fort>-- 
four folio-plates, on tiuted paper, representing in color and form the pres- 
ent appearance of the papyrus. 

Among tbe donations to the library should also be mentioned a col- 
leclionof two tliousaud drawings of lishes, including copies of all koowa 
eugraviogs of lisbes published up to 1834, made by Dr. A. Reuiis, for- 
merly of Germany, but now of Belleville, Illinois. 



The Secretary, from the first organization of the Light-Houso Board, 
has been one of its members, and has acted as chairman of the com- 
mittee on experiments. In this capacity he has made in past years an 
exteuded series of investigations relative to different materials of iliu- 
miuatiou, also investigations relative to different instruments proposed 
for fog-sigpals, besides reporting on a large number of propositions made 
to the board with the idea of improving the aids to navigation. During 
the last year he continued the investigations in regard to fog-signals, 
and for this purpose spent his last summer's vacation on tbe coast of 
Maine. For these ser\'ices he receives no other compensation than ten 
cents a mile as traveling expenses. The work is one, however, in which 
he takes great interest, and it has been to him a source of diversity of 
employment and a means of improved health. 

He bas, during the past year, upon the retirement of Admiral Sbn- 
brlek, been elect£d cUairman of the board. 

The Secretary is also one of tbe visitors to the Government Hospital 
for the Insane, and as President of tbe National Academy of Sciences 
directed tbe preparation of the instructions for scientific observations 
for Captain HalVd arctic exploration. In addition to tlie foregoing, the 
Government placed tbe direction of tbe exploration of Major Powell iu 
charge of the Smithsonian Institution. 

Appropriations have been made at the last two sessions of Congress 
for investigations, under the direction of Professor Baird,of tbis Institu- 
tion, relative to thealleged decrease of food-ttshes on our coasts. Totbis 
at the last session, waa added an appropriation for stocking tbe rivers 
and lakes in the United States with useful fishes. These investigations 
have occupied all the time and attention he conld spare from his duties 
in connection with the Smithsonian Institution. 

Besides the prominent subjects of immediate inquiry, there were quite 
a number of collateral matters bearing on tbe general questions, which 
were prosecuted at tbe same time, and which have in themselves much 
scientific interest. His headquarters for the season were fixed at East- 
port, on the Bay of Fuudy ; and,witb Professor Verrill to takechai^ge of the 
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invertebrate ranDR,liewas eDabled to gather, both at Eastport and Grand 
-Manan, tinmensfl numbers of specimens, which, when fully elaborated, 
will be distribnted to varioiis scientific establishments thronghout the 
world. Wilh the facilities furnished by theGovernmeut iu autliorizing the 
use of the rerenne-ciitter Mosswood wbeuever necessary, the party was 
enabled to carry on these researches in every branch of the inquiry', 
iuclndiug dredging and temperatoreobservations at great depths iu the 
Bay of Fundy. Uvery facility was heartily rendered in this work by 
Captain Hodgdon and his officers. For a portion of the time a detail of 
the party, consisting of Prufeasor Webster and Mr. C. H. Pond, was oc- 
cupied at Cape Porpoise, south of Portland, as also at the island of 
Grand Manan. 

By i)ermissiou of Professor Peirce, the Snperinteuden tof the Coast -Sur- 
vey,Profes3or Baird also placed aparty on board theCoast-Survey steamer 
Bacbe while surve>~ing the Georges Banks and other shoals off the 
coast of New England ; this detail consisting for a time of Mr. S. J. 
Smith, and Mr. Oscar Harger, of Yale College, and afterward of Dr. A. 
S. Packard, jr., and Mr. Cook, of Salem. 

The additions to our knowledge of the natural history of the Ameri- 
can seas made by all these parties has been very great, and the resnlta 
will be published in detail iu the report of the commissioner to be made 
to Congress. 

While engaged at Eastport himself, Professor Baird bad a party also at 
Wood's Hole, the scene of bis labors during the year 1871; and several 
interesting additions to the known fauna of the Vineyard Soand region 
were made, among them, two genera and species of the sword-fish 
family, previously unkuown on the coast of the United States; and other 
specimens of manne animals, especially of fishes, were coutributed by 
Mr. Samuel Powell, of Newport. 

The following is an account of the work done by Mr. F. B, Sleek, who 
still retains his apartments in the building, and examines and reports 
to the Institation all specimens of paleontology and gcologj' submitted 
to it for examination. 

Most of his attention during the year 1S72 hati been devoted to the 
invertebrate paleoutological department of the Ohio State geological 
survey. The collectious have beeu seut to him at the Smith.sonian 
Institution. He has, from time to time, published preliminary popers on 
these fossils iu the Proceedings of the Academy of Natural Sciences of 
Philadelphia and the American Journal of Science and Arts, and sub- 
sequently prepared more elaborate descriptions for the first volume of 
the Final Report of the Ohio Geological Survey, iu charge of Dr. J. 8. 
Newberry. He has also had the drawings, illustrnting his part of this 
volume of the Report, and a part of those for the second volume, made 
in the Institution, under his immediate direction; and has likewise ar- 
ranged the plates and suiwriuteoded the engraving of the same, eo far 
as completed. 
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In the early part of the year be prepared for publication some notes 
on the geology of the country immediately ahout the White Sulphur 
Springs, of Greenbrier County, West Virginia, with figures and 
descriptions of a few new fossils. He has likewise snperintended the 
engraving of the qnari»-phit«s of fossils from the Upper Missouri coun- 
try, illnstrHting a report on the region, to be published hy the Government 
in connection with the results of the United States Geological Survey 
of the Territories, in charge of Dr. Haydeu. 

On account of failing health he was induced to avail himself of un 
opportunity to spend the summer in the Eooky Mountains and along 
the Union Pacific Railroad through to the Pacific, during which jour- 
ney he collected specimens and made observations at the expense of 
the Government sur\-ey. Since his return he has prepared descriptions 
of some forty or fifty new species of fossils collected during his journey, 
to be published in Ur. Hayden's report 

MBTEOBOLOGY. 

Among the first acts of the Institution was the establishment of a 
system of meteorology, intended especially to gather trustworthy infor- 
mation as to the character of American storms and ttie general clima- 
tology of the United States. To assist in this enterprise, Mr. James P. 
Espy was for several years previous to his death associated with the 
Institution. Lieutenant Maury, then in charge of the Observatory, had 
previously established a system of meteorology for the sea, and for sev- 
eral years another system had been carried on by the War Department 
at the various military posts of the United States, besides subordinate 
systems in the States of New York, Massachusetts, and Pennsylvania. 

It was the intention of the Institution to harmonize these ditterent sys- 
tems, and, as far as possible, to reduce and discuss the results uu one 
general plan. For this purpose it had prepared at its expense, by Pro- 
fessor Guyut, a volume of meteorological tables, also a series of instruc- 
tions, and introduced a set of trustworthy instmmeuts, constructed by- 
Mr. James Green, of New York. 

The Institution was the first to employ the telegraph in the prediction 
of the weather; hut as its income was not sufficient to carry on this oper- 
ation to its full extent^ and owing to the intert^rence of the war, the 
project was for a while abandoned. The proposition was, however, 
afterward brought before Congress by other parties, and a system of 
weather-forecasts established under the direction of the W^ar Depart- 
ment, in the especial charge of Chief Signal-Officer General A. J. Myer. 

Theplacingofthissystemof forecasts underthe War Department gave 
it special advantages not otherwise to be secured hy it. The observers 
are all enlisted in the Army aud paid out of the Army appropriations. 
The whole being under military discipline gives the system a regularity 
and efficiency which leaves nothing in this respect to be desired. The 
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appropriation for the support of the B^eteiu has thus lar been very litn 
erat, aud I do not doubt it will coutinue to be so Irom year to year. 

Since the establish m en t of the Government system of weather-fore- 
castslhave proposed, on the part of the Smithsonian Institutiou, to aban- 
don the fleld of meteorology to Oeneral Myer, preser\iiig to the Institn- 
tion only the labor of discussing and reducing all the observations which 
it has collected from its owu observcra and from all others iu the coun- 
try up to, say, the year 1872. To this proposition I have not as yet 
received a reply. 

The Smithsonian system includes at present about five hundred obser- 
vers, wbogive their services voluntarily. They are of two classes: those 
who report upon the barometer, thermometer, psychrometer, raiu and 
wind gauges, and those who re[K)rt opon only the temperature, the 
wind, the face of the sky, and the rain. Of the first class there are 
about one hundred aud 6fty, and these serve as standards to which the 
observations of the second class are referred. Most of the instruments 
of the first class have been constructed by Mr. Green. The rain-gauges 
are of a very simple form, consisting of merely a cylinder of tinned 
iron, two and a half inches in diameter and twelveinchesdeep, in which 
the rain is measured to within half a tenth of an inch by the insertion 
of a graduated slip of wood. 

If the system just described were incorporated with that of the Gov- 
enimeut, and an agent sent from time to time throughout the country 
to instruct the observers, the whole would form a more extended and 
]»erfect system than any now in existence. The voluntary observers 
would render good service in sapplementiog the more precise obser\'a- 
tioos of the Army iu marking the extent and boundnry of special con- 
ditions of the atmosphere and iu noting casual phenomena, such as 
thunder-storms, auroras, toniailoes, &c. 

TLe Smithsonian system has now been in operation more than twenty 
years, and the Institution is at present occupied in reducing and dis- 
cussing the observations up to 1670 for publication. The only part of 
the results as yet published is that relating to the rain-fall. The part 
relative to the winds will be put to presj in the course of a few months. 
All the observations on the winds which the Institution bus been able 
to collect from unpublished and published records were plnced in the 
hands of Professor J. H. (Jollin, of Eastou, Pa., who has nearly com- 
jileted their discussion. Of this discussion of the '* winds of the globe," 
which has been made at the expense of the Institution, excepting as far as 
the lalMirs of Professor Coffin were concerned, the tables have nearly all 
been completed, and the preparation of the maps and descriptions 
alone remains to be done previous to putting the work to press. 

All the tempera tore- observation 8 have been for several years placed 
in charge of Mr. Charles A. Schott, of the Coast Survey, and are being 
reduced as rapidly as the appropriation for the purpose from the Smilli- 
Bonian income will allow. The first division of this work baa l>een com- 
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pleted, and will be sent to press duriog the coming year. Tbis section 
coDSiats of tables autl discussions necessary to reduce observations 
taken at different times of the day to the true mean of tbe day, and 
otlier general correclions of irregular observations, and hence it was 
necessary that this should be prepared first. It includes — 

1. General remarks on tbe explauation and extreme cases of the daily 
fluctuations of the temperature; investigation of the corrections to 
the mean t«uiperature I'rom certain hours of the day to refer it to the 
true mean of tbe day. 

2. Tables of times of sunrise and sunset for every tenth day of tbe 
year. «ud between latitudes 23° and 60°. 

3. Applications of Bessel's circular function to represent the daily 
fluctuation, {yearly average ;) the results for twenty stations are given. 

4. Classiticatiouof the daily fluctuation into six typical forms; epochs 
of maximum and minimuui, and of mean values and daily range, (with 
two diagrams.) 

5. Auuual variation in tbe range of tbe daily fluctuation, (with two 
diagrams ;) and extremes of daily fluctuation in December and June, 
(with three diagrams;) also table of recorded daily range of tempera- 
ture for every month and fur certain stations. 

6. Variability of the t«m[»erature at any hour from tbe normal value 
of that hour, specially investigated for Toronto, Mohawlc, Philadel- 
phia, and Sitka. 

7. Table of tbe mean values of the hourly, bi-bonrly, or semi-hourly 
observations of temperature, for every month, at nineteen stations. 

S. Table of tbe daily fluctuations of tem]>erature derived from the 
preceding tabic, and showing, for every hour and for each month and 
the year, the difference from tbe respective daily mean temi>erature. 

iSclf-ri'gistering iustrumcuta are absolutely necessary for this kind of 
investigntiun, and when their readings are applied will place tberesidts 
on a mure satisfactory tboting, and one commensurate with tbe im[>ort- 
ance of the subject. 

The following is the condition of tbe work, which bas been continued 
during the past year with tbe labor of two computers: 

1. Consolidated tables, giving 'tbe mean temperature for each month, 
season, and the year, have been prepared for the following States, &c.: 
Alabama, Alaska, Arizona, Colorado, Dakota), Idaho, ]!Iebraskn, West 
Virginia, Greenland, Iceland, British N'orth America, and part of New 
York. 

2. A large number of observations made at Havana, Cuba, have been 
computed and added to tbe general tables. Various other additions 
have been made and many deflciencies supplied. 

3. About three-fourths of tbe annual means at the different stations 
have been calculated, embracing about 7,000. 

4. The maxima and minima tables have been nearly completed. 
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KlSOEIXANEOnS. 

At a meeting of the British Associatioa iD 1868 a coinii)itt«e was 
appointed for tbe purpose of obtaiuiag observations iu various localities 
on tlierateof increase of underground temperature downward. This 
committee (through its secretary, Prof. J. D. Everett) has requested 
the lostitutiOQ to furnish observations on this subject from the United 
States. 

These observations are generally made by noting the temperature la 
artesian wells; and although a large number of these borings for water 
have been made iu this country, the precautions to he taken, and the 
skill required, in obtaiuiug the true increase of temperature iu relation 
to the depth are of a character not to be intrusted to ordinary obser- 
vers ; and, therefore, to meet the requirements of tlie committee, a special 
agent will be necessary to visit the different localities. The income of 
the Institution, up to tbis time, has not permitted the incurring of tbe 
eost of such an agency, although we hope in the future to he able to 
make an appropriation for the purpose. In the mean while we have 
intrusted a set of four standard thermometers, furnished by Professor 
Everett, and compared at the Kow Observatory, to Mr. B. D. Frost, 
engineer of tlie Hoosac Tunnel, Massachusetts. 

Tbe investigation is one of great interest to the geologist, being inti- 
mately connected with the bypotbeses concerning the geological changes 
to which the globe, has been subjected. Tbe fact has been fully estab- 
lished that, iu every part of the world where observations have been 
made, after descending a few feet below the surface or beyond the 
depth at which the temperature of the gronnd is affected by variations 
ia the solar heat, there is a gradual increase of temperature varying iu 
tbe rate of increase at different places, but on an average not far from 
one degree in every sixty teet, or a rate which, if continued, would indi- 
cate the fusing-point of iron at a depth vjf about twenty-eight miles. 

At the last meeting of the Board tbe subject of the desirability of 
the franking privilege to tbe Institution was discussed, as it bad fre- 
quently been at previous meetings. Hon. Mr. Hamlin, who is a member 
of tbe Post-Office Committee of the Senate, offered to endeavor to pro- 
cure action of Congress in regard to tbis object, and accordingly at 
the last session the following law was euacted. 

*' Alt publications sent or received by the Smithsonian Institution, 
marked on each package 'Smithsonian Exchange,' shall be allowed to 
pass free in tbe mail." (New Postal Code, 6th subdiv., 183d sec.) 

It will be seen irom tbe above that the franking pri\'ilege is confined 
to printed matter, and does not relieve tbe Institution from the burden 
of its large letter-correspondence, and, above all, from a new and unex- 
pected source of expense in the mineral specimens which, since the 
transfer of the collection of tbe Land-Office to the museum of the Insti- 
tution, are sent by mail from tbe different Government surveyors. We 
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hftve before ns a lot of specimens ttom oue Goveraineiit officer on nbicli 
postage of upward o^ tbirty doll^^ is charged. Uuless provision is 
made for the transmission of these to the lustitutiou through the mails 
free of cost, as it was in the case of the Land-Office, we shall be obliged 
to decline teceiviog tbem. 

By the will of Henrietta Jane Bedford, of Wilmington, Bel., daugh- 
ter of Hon. Gunning Bedford, jr., one of the framers of the CoDstitu- 
tion of the United States, aid-de-camp to General Washington, and 
first district judge of the Uuited States for the district of Delaware 
under the Constitution, a bequest was made to the Smithsonian lustitii- 
tiou of a pair of pocket-pistols, presented to her father by General 
Washington ; also a silver puuch-sti'ainer, said to have been made out 
of a silver dollar earned by Benjamin Franklin on the first day news- 
papers were carried round the city of Boston for sate. In case the^e 
bequests should not be accepted by the Institution, they were to be given 
to the Historical Society of Delaware. 

While the motive which induced this bequest is fully appreciated, the 
objects, not being of a kind now in its collections, which relate more 
especially to natural history and anthropology, the Institution preferred 
that they should be presented to the Historical Society of Delaware. 

At the request of the ladies in charge at Monnt Vernon it has been 
thought proper to deposit with them the model of the Bastile of Paris, 
presented to General Washington ; an iron stirrup of a saddle used 
by Mrs. Washington j and a small picture of Mount Vernon. These 
articles came Into the possession of the Institution from the effects of 
the >'utioual Institute, and can be reclaimed for the National Museoin 
at any time it may be thought importaut to obtain possession of tbem. 

It was mentioned in the last report that a portion of the large room 
in the second story of the building was used for the exhibition of the 
cartoons or original sketches of Indian life, made by the celebrated 
Indian student, George Catlin. Mr. Callin continued his exhibition of 
these pictures during the summer, and devoted all his time not occupied 
in explaining his pictiu^s to \-iaitors, to finishing the sketches. Unfor- 
tunately, in passing between the Institution and his boarding-])lace, 
which were separated by the distance of more than a mile, he exposed 
himself to the heat of the unusually warm summer, and was seized with 
a malady which terminated his eventful life on the 23d of December, 
1872, in the seventy-seventh year of his age. 

Since the subject will again come before Congress, I may here repeat 
what WAS said in my report last year relative to the purchase by Con- 
gress of the Catlin collection : "The entire collection, which comprises 
about twelve hundred paintings and sketehes, was offered by Mr. Catlin 
to the Government in 1846, and its purchase was advocated by Mr. Web- 
ster, Mr. Poinsett, General Cass, and other statesmen, as well as by the 
principal artists and scholars of the country. A report recommeudiug 
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its parchase was made by the Joint Committee ou the Library of Con- 
gress, but, owiug to the absorptiou of public attention by the Mexican 
war, no appropriation was made for the purpose. Mr. Catlin made no 
further efforts at the time, but exhibited his pictures in Europe, where, 
on account of an unfortunate speculutiou into which he wa» led in Lon- 
don, (Claims were brought against tbcm which he hitd not the means to 
satisfy. At this crisis, fortunately, Mr. Joseph Haixison, of Philadel- 
phia, a gentleman of wealth and patriotism, desiring to save the collec- 
tion for our country, advanced the means for paying off the claims 
against the pictures, and shipped them to Philadelphia, where they have 
since remained unredeemed. Mr. Catliu, however, retained possession 
of tbe cartoons, and has since enriched tliem with a large number of 
illustrations of the ethnology of South America. Whatever may be 
thought of these paintings from an artistic point of view, they are cer- 
tainly of great value as faithful representations of the person, features, 
manners, customs, implements, superstitions, festivals, and everytbiug 
which relates to the ethnological characteristics of the primitive iubabit- 
ants of our country. We think that there is a general public sentiment 
in favor of granting the moderate appropriation asked for by Mr. Catlin, 
and we trust thai Congress will not fail to act in accordance with this 
feeling." It is the only general collection of the kind in existence, and 
any one who has given thought to the subject could scarcely fail U> sym- 
pathize with the last anxious feelings of Mr. Catlin that, after a life of 
devotion to Indian ethnology, these results of his labors might be jmr- 
chased by the Government. To insure the permanent preservation of the 
collection, Mr. Catlin would have gladly prcsentetl the pictures to the 
Government as a gift had he not expended all his worldly possessions in 
the formation of tbe collection, ami therefore had nothing wherewith to 
redeem the portion of the general collection pledged for debt or to be- 
stow upon his three orphan daughters. 

NATIONAL MUSEDM. 

Until the year 1870 the support of the yational Museum princi- 
pally devolve<l on tbe Smitbson fund, only $4,000 having been annually 
ai)propriated by Congress for this purpose. Since that date, however, 
Congress has indicated an intention of i)roviding for the full support of 
the museum. In 1870 and 1871 it appropriate)! $10,000, and in 187:J, 
$15,000. This last sum, however, is scarcely yet sufficient to defray the 
expenses. 

The cost of tbe reconstruction of the building, exclnsive of furniture, 
after the fire of 18G5, was $130,000, tbe whole of which was paid from 
the Smithson income. This expenditure was for restoiing the main 
building and not for fittiug up rooms wanted for the further extension 
of the museum. For the latter purpose, Congress has made appro- 
priations, since 1870, amounting in all to $.'(5,000, Of these appropria- 
tions $20,000 have been expended in ceiling, flooring, plastering, aod 
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flnistiiug the great baU, occupying the entire second story of the toain 
bailding, iatended for the extCDsion of the museum; and, with the 
remainder of the appropriation, arrangements have been made fur liir- 
nisbing with cases this roum, and also the room formerly occupied by the 
library, and now devoted to mineralogy and geology. 

With a view to the entire separation of the affairs of the musenm 
from those of the Smithsonian proper, all the operations of the latter, 
with the exception of those in the Regents' room, are carried on iu the 
east wing and range of the budding, leaving all the other parts, includ- 
ing the main edifice, towers, west wiug, and west range, to the museum 

The following is Professor Baird's account of the additions to the 
JliiBeum, and the various operations connected with it during 1872: 

Addituyns to the National Museum in 1872, in geographical sequence. — 
The additions to the National Museum, ia charge of the Smithsonian 
Institution, during the year have shown a gratifying increase over those 
of 1871, and have been decidedly equal iu value to those of any previ- 
ous year. The great bulk, as might be expected, has been derived li?om 
the collections of the various Qovernment expeditions, especially those 
under the charge of Professor Hayden, Professor Powell, and Lieuten- 
ant Wheeler, supplemented, however, by others, contributed by private 
effort, especially ou the part of Mr. Henry W. Elliot and Mr. William 
H. Dall. 

A great addition to the magnitude of a portion of the cabinet, namely, 
that of miueralogj' and geology, has been tbe resnlt of the transfer to 
the Institution, under the order of the Secretarj' of the Interior, of the 
extfinsive museum of the Land-Office. 

In the appendix to this report will be found a detailed list of the 
donors of tbe various specimens, together with tbe general indication of 
their nature ; but with a view of calling attention more particularly to 
the different regions represented therein, I beg leave to present some 
remarks, both in regard to the auspices under which they were secured 
and their general character. 

As in previous years, the principal regions of America are more or 
leas represented among the additions in 1873, and these, as usual, will 
be mentioned in systematic order. 

Beginning, therefore, with the Northwest Coast, we have, in the first 
place, from the Island of Saint Paul, one of the fur-seal gruu]) iu Bebr- 
in g Sea, a very extensive collection, presented by Mr. Henry W.Elliot, 
for a long time connected with the Institution. This gentleman visit4-d 
tbe two seal-islands. Saint Panl and Saint Qeorge, as an assistant agent 
of the Treasury Department, to attend to tbe interests of the Govern- 
ment with tbe Alaska Commercial Company, and to look after the wel- 
fare of the native tribes. The collection embraces a large number of 
skeletons of many species of water-fowl, as well as their skins and eggs, 
quite a number of which are new to the national collection ; also various 
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fish, mollosca, and other marine objects, together with niinerals, rocks, 
atid plaiits. 

Mr. William H. Dall al&o contriboted largely from the region a 
little to the Booth of that occupied by Mr. Elliot, namely, Unalaska 
and some adjaeeut islands. The most marked feature of Mr, Dall's 
coiilribatioD coneists iu the rich collections of pre-historic objects, some 
of them found in localities of which the native Aleuts have no tradi- 
tion as being the site of ancieut settlements. The series is or interest, as 
shoffing the state of civilization among the progenitors of these people. 
Other objects collected by Mr. Dall consist of marine invertebrates, 
fishes, and nninerous birds, eggs, &c. Among the eggs are several new 
kinds, which, with the contributions by Mr. Elliot, nearly complete the 
desiderata of the National Musenm in regard to the water-birds of the 
North Paciac 

Some contributions have also been obtained fh>m Professor Harring- 
ton, the compnuion of Mr. Dall. It shoald be stat«d that Mr. Dall 
has been engaged since July, 1871, in the service of the Coast Survey, 
in surveying the Alentian Islands, and that the collections made by 
him, like those of Mr. Elliot, were gathered entirely at his own ex- 
pense, at such periods as could not be occupied by any regular ftffici^ 
work. In addition to the specimens just named, skulls of rare species of 
cetaceans were supplied by Gautain Scammon, who has also added to 
them others from Southern California. 

From Oregon have been received several series of Indian relics, and 
a number of human and other crania, present«d by Mr. BisselL 

California has furnished some curious remains of fossil vertebrates 
from Point Conception, presented by Mr. Sceva, and collections of 
Sacramento salmmtidce from Mr, Stone. Dr. L. G. Yates has continued 
his contributions of ancient relics, as also of minerals and fossil remaius. 
Some rare binls' eggs and nests have been furnished by Mr. William 
A. Cooper, of Santa Cruz. 

From the States and Territories in the interior of Korth America, 
especially those of the Great Basin and of the Kocky Mountain region, 
the collections have been principally made on the part of the Govern- 
ment eifpeditions, nearly all of which have had the center of their opera- 
tions within these boundaries. Among these we may mention, first, the 
parties of Professor Hsydcn, who renewed in 1872 bis explorations of 
1871 in the Geyser basins of the Upper Yellowstone, as also farther to 
the west, in the regions between Fort Hall and the Three Tt^tons. 

In addition to the researches prosecuted by his own immediate party, 
and its division under charge of Mr, Stevenson, with Professor F. H. 
Bradley as geologist, there were several subsidiary explorations prose- 
cuted in connection with Dr. Haydeu's labors, by Professor Joseph 
Leidy iu Wyoming, and by Professors Meek and Bannister, Professor 
Lesquereux, and Professor E, D. Cope, all of whom added largely 
to the general collections, the total number of boxes of Bpecimena re- 
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oeivcd from Profcesor Hayden's ezpeditiou amouDting to very nearly 
ooe buudred. 

The labors of Lientenant Wheeler in the more sonthem portions 
of the re^on referred to were cotitiaued throngbout the season, with 
Messrs. Gilbert and Howell as geologists, Dr. Yarrow as surgeon and 
chief aaturalist, Mr. Henshaw as assistant naturalist, and Mr. ^ver- 
ance as ethnologist. The investigations of these gentlemen were prose- 
cuted in Southern Utah and in Eastern Nevada, and resulted in the 
Bcqaisition of rich collections of geological specimens, as also of a largh 
series of animals, especially of the vertebrates. The ethnological con- 
tributionsof the party were also of much int^vst. 

Professor Powell also, in continuation of preceding explorations along 
the Colomdo Biver, devoted himself more particularly to the collection 
of Indian remains, and sncceeded in procuring a very extensive series 
of everything illnstrating the habits and manners of the interesting 
tribes that now occupy that region. 

From Governor Amy, of New Mexico, the museum has received some 
valuable minerals, and numerous articles of dress and ornament of the 
Apaches and other modern tribes. lie has also coutribnted the re- 
mains of what Dr. Leidy considers to bo a new species of American 
fossil elephant, and other bones of the same s[)eeies were supplied by 
General J. H. Carleton. 

Some interesting reptiles of New Mexico were contributed by Dr. 
Bailey. Other collections of less extent will be found mentioned in the 
table of list of contributions. 

From the valley of the Missisaippi have been received human remains 
from the mounds of Dakota, contributed by General Thomas; from 
Louisiana and Mississippi, casts of some very remarkable stone imple- 
ments, fornished by Professor Joseph Jones, of New Orleans; and also 
original dint objects, together with insects, from Mr. Keenan. 

Mr. J. G. Henderson has lent ns the rarities of his fine ethnological 
collection, gathered principally in Illinois, with permis.'iion to duplicate 
tbem by means of casts; while from Mr. Peters, of Kentucky, Mr. 
Anderson, of Ohio, and other gentlemen, additions have also been 
made to the ethnological department. 

From the chain of takes extensive cootribotiooe in the way of food- 
fishes have been funiished by various parties. Among them may be 
mentioned, as the most important contributor, Mr. J. W. Milner, deputy 
commissioner of Ush and fisheries for the lakes. His tninsmis.'iions em- 
brace the different species of trout and white-fish in great variety. 

In obedience to the instructions of the miuister of marine and fish- 
eries of Canada, the fish-wardens on the lakes have also supplied speci- 
mens of tront and white-fish from Lake Erie, Lake Ontario, Lake Cham- 
plain, the Saint John's River, &c. These have been received from 
Messrs. Kerr, Kiel, Macfie, and others. 
The Slate of Maine is very amply represented in the collections of 
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the year by means of the specimens of marine animals collected by 
Professor Biiird as United States commissiouer of fisb and fisheries, and 
his assistants and associates. In addition tn the collections made on 
the coast of Maine, the Institution lias received, through the commis- 
sioner of fish and fisheries, a valuable series of the salmon of the Penob- 
scot River from Mr. Atkins; of the blue-backed trout of the Bangely 
Lakes from Mr. Stanley; and lake-trout and land-tocked salmon of the 
Saint Croix from Senator Edmonds. Marine animals in great variety 
and of much interest were also collected for the fishery commission at 
Fort Macon, Norili Carolina, by Dr. H. C. Yarrow, assistant surgeon of 
the United States Army, supplemented by others from Dr. Mackie. 

The donations from the interior of (he Atlantic coast States consisted 
of Indian relics from Mr. Kellogg, of Connecticut; minerals and ix>cks 
of South Carolina from Mr. Waldo; and various specimens of birds from 
Florida from Mr. George A. Boardman. The trustees of the Charleston 
College have been kind enough to lend to the Smithsonian Institution, 
to be copied in plaster, several unique objects of ethnology. 

Proceeding to the regions south of the United States, we may men- 
tion, first, contributions from the Isthmus of Tehuantepec, famished by 
Prolessor Sumichrast, these consisting of numerous binis and reptiles, 
in continuation of similar collections previoUKly transmitted. Mr. Flor 
entin Sartorius, of Vera Cruz, also furnished specimens of tbe rare and 
curious wax.producing insects first described as Lyntra cerifera. 

From Guatemala have been received collections of insects, presented 
by Mr. F. Sarg, and from Nicaragua a collection of nire pottery, by Dr. 
Earl Flint. Certain collections made several years ago by Dr. Bi-rendt 
near Belize were received during tbe year, consisting principally of rep- 
tiles and shells. As these were gathered at the expense of tbe several 
contributors to a common fund, they were assigned for distribution to 
Mr. Thomas Bland and Professor Cope. 

Of South American regions. New Granada is represented by a col- 
lection of birds presented by tbe American minister at Bogota, Mr. 
Hnrlbut; Southern Brazil by tbe skeleton of a tapir from &Ir. Alba- 
<]uerque; and Chili by a very valuable collection of native minerals 
ft-om the University of Santiago, through Professor Uomeyko, and a 
collection of Chilian eggs of great interest from the national museum, 
through Dr. Pbilippi, 

Perhaps the most interesting South American object is a human head 
prepared by tbe Jivaro Indians of tbe proviuce of Chimborazo. Peru, 
and presented to the Smithsonian Institution by Don Edward do Feiger, 
through the honorable Bumsey Wing, United States minister to E<;aa. 
dor. This head belongs to a very rare series of ethnological objects, of 
which a very few only have been brought to Europe and America. They 
are held by their owners in much veneration, and jealously guarded as 
household divinities. They are believed to be trophies of victories; tbe 
bead of an enemy being thus prejiared for permanent preservation. The 
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precise method of manipalatioQ is ankDowD, bat is supposed to consist 
ill tbe careful extraction of the bones, flesb, and brains of tbe head, aud 
the subsequent contracting of tlie skin by some astringent. The result 
is a well formed and quite symmetrical hea^l, about four inches in diame- 
ter; all parts contracted in equal projiortion, and with long flowing 
black bair; a braid of strings is passed through tbe lips, and there aie 
several other artificial apiH-udagea. 

Prof. William M. Gabb has kindly presented to tbe National Museum 
some extremely rare and remarkable stone implements and pottery from 
San Domingo, while Professor Poey, the eminent and veteran naturalist of 
Havana, has supplied a series of tishes Irom Cuba as types of bis species. 

Fishes of Bermuda were also received from Mr. J. Brown Goode. 

The collections from other parts of the world, as might naturally have 
been expected, have not been so great, either in number or value, ua 
those already referred to, although some of them are very important, 
as tending to complete the series already iu the mnseum: The most 
interesting of these objects are certain pre-bistoric stone implements, 
especially of the drifuperiod, presented by Mr. William Blackmore, 
of England, and a similar collection furnished by Mr. Baker. 

Professor Hoist, of Christinnia, has supplied a series of minerals from 
Konigsberg, a miuing-region near that city, while Dr. Sars and Dr. 
Boeck have furnished specimens of the Crustacea, Mr. Robert Oollett 
of tbe fishes, and Dr. William Boeck a skeleton of Syperoodon. Dr. 
Mobius, of Kiel, has also sent us a series of the food-flshes aud crusta- 
ceans from the vicinity of Kiel. 

'So collections are recorded from Africa, with the exception of a 
suiH'rb skull of the Koodoo antelope, from Captain Holmes. From 
Ja(>an, however, have been received some remarkable stone and bronze 
implements of pre-historio times, presented by the Japanese minister, 
Mr. Mori. 

The Sandwich Islands are represented by collections of skulls and 
ethnology, from Mr. Yaldemar Kuudsen. 

Systematic mmmary. The preceding ennmeration expresses the geo- 
graphical relations of tbe collections received during the yearj and it 
may be well, in addition, to make a brief systematic reference to the 
principal objects received, so far as this has not already been done, 
especially as some general collections, covering a wide range of couutry, 
have not yet been referred to. 

The department of ethnologj' has been especially enriched, not only 
by tbe collections of Professor Powell, Mr. Dall, Professor Hayden, and 
others, bat very largely by a contribution from Mr, Vincent Colyer. This 
gentleman, while connected with the Board of Indian Commissioners, 
took occasion during his official visits in various parts of tbe Indian 
country to collect, at his own expense, large nambers of objects, all of 
which are now iu possession of the Institution. 
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The head of the uianimy, presented by Don Edward de Fciger, 
already i-eferred to, ia perhaps the most importaul of the ethnological 
series; but there are other objects of very great interest wortlij- of 
DOt«. Among them, oue of Sftecial iuterest, is an Indian pipe of black 
slate, carved in a very striking likeness of a loon, found in West 
Virginia and presented by Bev. J. S. Davis. 

lit the department of mineralogy and geology, the additions brought 
in by the parties of Lieutenant Wheeltr and Professor Ilayden have 
been eBjiecially rich; the donation of Chilian minerals by Professor 
Domeyko, and of Norwegian by Dr. Ilolst, vfill do much to increase 
the value of this portion of the collection. 

The most important addition, however, is that of the Land-Office 
collection of minerala, embrat;iug many thousands of specimeus, and 
especially rich iii series of orea from Nevada, Arizona, Utah, Colorado, 
and California. These collections will shortly be arranged with othei-s 
of the same character in the new mineralogical hall. 

lu the department of zoologj, aj^ontributiou Irom the Imperial Zoolog- 
ical Museum of Vienna, of skeletons of large mammals, such as those of 
the lion, tiger, giraffe, brown bear, &c., may be considered as chief iu 
value. The skeleton of the Brazilian tapir, from Mr. Albuquerque, is 
also of much moment, as rendering the collection of American tapirs 
nearly complete. Wo previously possessed skeletons of the tapir of 
the Amies from' Mr. Hurlbut, the Panama tapir from Captain Dow, 
and the Guatemala tapir from Mr. Henry Hague; the last additions 
making skeletons of four perfectly distinct species or varieties of this 
animal. 

The skeletons and skulls of the cetaceans of the west coast from 
Captain Scammou, a skeleton of hyperoodon whale from Dr. Boeck, and 
skeletons of many hundreds of birds from Henry W. KUiot may also 
be enumerated. 

Among mammals, the chief accessions have been that of a Bocky 
Mountain goat, from W. J. Wheeler, since mounted and placed in the 
collection; that of a gnu from an unknown source, and the restoration 
in fnll size of the Irish elk, deposited by Mr. Waterhouse Hawkins. 

The Hoyal College of Surgeons of London has contributed a col- 
lection of casts of the brains of mammals. 

Of birds, a valued addition is that of the rare Labrador duck from 
the Museum of Natnral History of New York; and the extensive col- 
lections of Professor Hayden, of Lieutenant Wheeler, of Mr. Dall, and of 
Mr. Henry Elliot embrace many important specimens. The eggs from 
Messrs. Dall and Elliot, taken in Alaska, and those from Chili, are of 
principal value. 

The collection of fishes has been very large, made principally by or 
in behalf of the commission of fish and fisheries. It embraces siM'ci- 
mens of the Salmonida of the Sacramento Iti^'er, received from Mr 
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LtviDgstoD Stone, and of various localities ou tlio great lakes, and in 
the States of Mtune and Now HaupBhire. 

The marine collections from the coast of Maine, Vineyard Soand, 
Rhode Island, Fort Ma^on, Cuba, and the Bermudae have already been 
referred to. The European collection presented by Messrs. Sars, Boeck, 
and Collett, as also those of Dr. Mobius, of Kiel, will also be of much 
value for purposes of comparisou. 

The invertebrates gathered under similar auspices have also been 
very nouierons, and will furnish ample means for distribution to other 
museums. 

In accordance with the policy of the Institution, all the specimens of 
human auatomy, including crania and skeletons from the ancient 
mounds, have been turned over as soon as received to the Army 
Medical Museum, while the insects and the plants have, iu like mauuer, 
been deposited with the Agricultural Department. 

The total number of distinct donations received during the year 1872 
amoanted to 315 entries, comprising 544 separate packages aud coming 
from 203 different donors. 

The corresponding figures for the year 1871, consist of 271 donations, 
comprising 400 packages. 

Work done in the museum. — The addition of so large a stock of ma- 
terial to the collections already iu charge of the Institution, of course, 
involved a great deal of labor, such as the nupackiug and classifying 
of the objects; the labeling of all, at least as to localities; the entering 
iu their respective record-books ; the putting such of them in order 
as required it; placing such as were ready for immediate exhibitiou 
on their respective shelves; and storing the rest away where they could 
most readily be referred to ou occasion. 

All dry objects of an animal nature generally need prompt attention 
to prevent their being affected by mold or by the attacks of insects ; 
ethnological objects usually requiring to be thoroughly cleaned and 
poisoned, while skins of animals, furs, Indian robes, dresses, &c., must 
be immersed in some poisonous solution before they can be considered 
as permanently secure. All this has been effected with a« much thor- 
oughness as the time aud force at the command of the Institution would 
permit. 

la addition to this, it was fouod that the immense collection of objects 
of dresses and oniameots belonging to the ethnological galleries, were 
more or less infected by moths, and it became necessary to subject the 
entire series to a process of renovation, embracing many thousands of 
specimens. 

The transfer of the mounted birds and mammals from the old stands 
to those of a neater form has also been prosecuted to :'• considerable ex- 
tent daring the year, several thousands having been so treated, to the 
manifest improvement of the general appearance. 

48 
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Perhaps the roost important labors in the mnBenm bare been that 
eoimected with the renovation of the extensive alcoholic collections. 
T3ieae were in a very unsatisfactory condition, in couseqnence of tho 
fire of 1865, and the unavoidable confusion during the process of recon- 
struction of the variuaa apartments of the lustitotion. 

The bottles were necessarily stored in a damp cellar, where the labels 
became obliterated to a greater or less degree ; and although the pre- 
caution had been taken to introduce within the jars numbers corre- 
sponding to those of the external label, yet both in many cases were 
found to have become illegible. It was necessary, therefore, to use 
every effort to remedy the difficulty by re-labeling such specimens as 
had not lost their history beyond recovery; and this work has occupied 
a considerable portion of tho force the entire year. All the bottles, 
however, have been cleaned and placed in a dry cellar, and during the 
coming year this part of the collection will be put in as good order as 
can be desired. 

A considerable imrtion of the time of the employes of the mnsenm 
was occupied in the transfer of the extensive collection of rocks and 
minerals f^om the Land-Offlce, which has necessarily required great care 
to prevent the misplacement of the labels. This was, however, satis- 
&ctorily accomplished, and the specimens are now safely in the posses- 
sion of the Institution, and, it is hoped, will be placed on their shelves 
in the course of the year 1873. 

Quite a number of the skeletons of the larger animals, such as the 
Irish elk, several species of tapir, the American moose, the buffalo, 
American and European bisons, the elk, camel, &c., have been mounted 
during the year and placed iu the general collection. There is yet much 
to be done iu this directiou, the museum fortunately xwssessing very 
complete series of the bones of most of the Americau mammalia and 
many foreign species. Several large mammals have also been mounted, 
such as the bison, the moose, walrus, and a considerable number of the 
larger fish found on the. Atlantic coast. 

JHgtribution of specimens. — In accordance with th© policy adopted by 
the Smithsonian Institution in the administration of the collections of 
the Ifational Museum, much has been done in the way of transmission 
of specimens to other museums at home and abroad. 

Many of the rare and more choice stone implements in different mn- 
seoms thronghout the country have been borrowed and duplicated by 
means of casts, and enough of these prepared to permit quite on exten- 
sive distribution. 

The collections brought iu by. Professor Hayden during his different 
expeditions of several years pnst were all unpacked and arranged ; and 
after reserving a series for the Museum of the Institution, the remainder 
were made up into some fifteen or twenty sets, which were distributed 
to different colleges and academies throughout; the country. This branch 
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of the work of the lastitntioD, it is hoped, can be greatly extended 
daring the comiag year, in view of the immense number of dnplicatea 
which will be foaud in the Land-Office collection and in the collections 
jost received £rom tbe varions Qovemment expeditions. 

A large nnmber of specimens iu mineralogy and geology were also 
boxed apasd transmitted to Professor Egleston and Professor Kewbeny, 
of the School of Mines in Kew York, under tbe existing arrangement 
with those gentlemen to select and label a perfect single series for the 
National Mnsenm and to exchange the duplicate specimens in its interest. 
Numerous returns have already been received of valuable material, 
adding greatly to the richness of the litbological department. 

Dr. Cones, assistant surgeon in tbe Army, having volunteered to pre- 
pare a monograph of tbe smaller rodents of North America for publi- 
cation by the Institution, received at B^timore the entire collection of 
specimens, both in alcohol and in skins. Having subjected these to a 
careful criticism, he made the duplicates into thirty sets, which will be 
distributed in the course of tbe coming year to the different museums 
in this country and Europe, in return for which we shall doubtless 
receive some valuable additions to the cabinet. 

A few of the small number remaining on hand of sets of minerals, geo- 
logical specimens, shells, &c., have been sent out to various addresses, 
and as also several series of birds, '&c., mammals, skeletons, eggs, &c. 
The entire number of specimens thus sent forth will be found in an 
accompanying table. 

The museum may now be considered as in much better condition than 
it has ever been before. The process of renovation is progressing as 
rapidly as possible, and will, before long, be completed. The establish- 
ment of better store-rooms in which to keep the unmounted skins of 
animals, and the alcoholic collections, 1)bs enabled ns to work to much 
better advantage. As fast as each department can be re-organized and 
placed in a satisfactory condition, pains will be taken to eliminate the 
duplicates, and distribute them as authorized. Tbe result wilt be to 
greatly reduce tbe bulk of crude material to be cared for by tbe Insti- 
tution, and to render a great service to the cause of scientific instruc- 
tion ^y disseminating authentically-labeled types of the various species. 
Returns of great value may be expected also for these specimens. 

There is, however, a great deal to be done before the collections at 
present in the National Museum may be considered a6 finally arranged, 
to say nothing of those yet to be received. The greater portion of the 
ethnological museum will need to be properly mounted on tablets, or 
otherwise prepared for permanent exhibition, and labeled. As soon as 
the cases in tbe large hall of the Institution can be completed, these 
specimens will be placed in position. It is intended to prepare a large 
number of effigies representing accurately the lineaments, dress, and 
form of the tribes of Indians, and to place upon these tbeir correspond- 
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ing oroaments, weiipons, &c.; aud to introduce them, either singly or in 
groups, into suitable cases, where they cau most readily be seen. 

The approach to completion of the new cases for the miaeralogical 
hall, formerly occupied by the library, makes it necessary to re-arrange 
all the miaeralogical aud geological specimens, these including not only 
such as have been for a long time in the Institution, but the newly-ac- 
quired treasures from the Laud-Office, aud the GoTcrnmeut expeditions 
of 1872. These transfers will vacate a portion of the present exhibition- 
room, amounting, perhaps, to nearly one-third its present capacity; and 
it is proposed to occupy the gaps thus made by specimens of mammals, 
birds, and skeletons. Of these there are ample series in the building, 
enough, indeed, to fill several large rooms. Such a selection will be 
made tmra these as will make up the most important cleflciencies in the 
mounted series at present on exhibition. 

MinercUogical collection. — Under the aathorization of the Secretary of 
the Interior, the Commissioner of the Land-Office transferred to the care 
of the Institution, as a part of the National Museum, the collection of 
minerals which had been formed by Mr. Joseph Wilson, the previous 
Commissioner. TbiscoUection, intended to illustrate the mineral resources 
of the country, consisted of samples of ores and geological specimens from 
every State and Territory in the Union. Though a very valuable addi- 
tion to theMuseum, it is formed in somedegree of duplicates of specimens 
already in the Institution. Thisfact, however, n-ill enable us to make up 
setsofduplicatesfor distribution tocollegcsandacademies. It is proposed 
to continue the plan inaugurated by Mr. Wilson, of illustrating the 
mineral products of all parts of the United States in addition to a gen- 
eral systematic mineralogical cabinet. For the exhibition of the latter 
the largo room formerly occupied by the library will be devoted, while 
the connecting range, by a few changes, will serve as the receptacle for 
the specimens to illustrate the former. 

In concluding the history of the lustitutiou up to the year 1872, it will 
be evident that the establishment has hud, ou the whole, a successful 
career, although it has not been free from mishaps, and the appropriatioa 
of the fund was not at first as conformable to the strict interpretation 
of the win of the founder as could have been wished, yet continued 
improvement has been made in this respect from year to year. Not 
only the s'^ate of the funds, but the character which the Institution has 
established over the world, will enable it to compare favorably with the 
management of any endowment with which we are at preseut acquainted. 

Bespectfidly submitted. 

JOSEPH HENRY, 
Secretary SmtthsontaH Imtitution, 

WABHiNaTOK, February, 187' 
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NOTES RELATIVE TO GEORGE CATLIN. 



George Gatlin was bom in Wilkcsbarre, ia tUe valley of Wyomiug, 
Pennsylvania, in the year 1796. His farber was a lawyer of considera- 
ble reputation, and designed his son to practice tbe same profession, 
wbicb be did for » sbort time ; but bis natural inclination for art was so 
strong tbat after two or tliree years be abandoned tbe idea of becoming 
a lawyer and removed to Pbiladelphia, where be pursued his occupation 
principally as a portrait-painter. It was here that an incident occurred 
which determined tbat future career which bag made bis life and labors 
famons. A party of roving Indiana visiting Philatlelpbia, decorated 
with tbe barbaric splendor of their native dresses, by their bold aud 
martial bearing, and by tbeir unconstrained attitudes aud gestures, so 
Impressed hiiu that he determined to become the historian of this 
remarkable race, which was rapidly becoming extinct, and to devote 
himself to th<- illustration of tbeir arts, types, manners, and customs. 

With Ibis purpose in view, iu 1830and lS31,be accompanied Governor 
Clarke, of Saint Louis, then superintendent of Indian Affairs, who was 
engaged in making treaties with tbe Winnehagoes, Monomonees, Sbaw- 
nees, and Sacs aud Foxes. In 1832 be ascended the Missouri, on the 
steamer Yellowstone, to Fort Union, and afterward returned, in a 
canoe, with two companions, a distance of 2,000 miles, visiting and 
painting all tbe tribes, so numerous at tbat time, on tbe whole length 
of tbe river. The next year he went up the Platte as far as Fort 
Laramie, and extended his journey to Great Sait Lake. In 1834 he 
explored tbe Mississippi as far as the Falls of Saint Anthony, and visited 
the Ojibbeways and other tribes, aud returned to SaintLouis, a distance 
of 900 miles, in a bark cauoe. In 1835 bo made a second visit to the 
Falls of Saint Anthony, and thence proceeded to the Eed Pipestone 
region on tbo Couteau des Prairies, and then, returning to the Falls of 
Saiut Anthony, descended tbe river a second time iu a canoe to Saint 
Louis. In 1830 he accompanied Coloiel Dodge on an expedition tottie 
Gomanches and other southwestern trilKts ; aud in 1837 visited Florida 
for tbe purpose of painting the Seminoles and Euchees. During these 
eight years he visited fifty different tribes of North American Indians, 
taking sketches all tbe time. Having thus accumulated a large number 
of paintings representing the portraits of the principal men aud the tribes 
and the pictures of savage life, he exhibited them in various parts of 
tbe United States, especially in Washington, Pbiladelpbiii, New York, and 
Boston, with such success tbat, in 1839, be went to London and Paris, 
where tlie artist and his collections attracted general atteutiou. From 
this time until 185:J bo remained in Europe, being everywhere treated 
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with marked distinction. Id 1832, wheo lifty-aix years old, his enlhosi- 
asm Qndiininished by his advancing age, and with a vigor and enduranco 
rarely found even in the yoang men of our day, be explored, with the 
same object, the forests of Soath America. He went to YeDezaela, and 
visited the Oronoco, Amazon, and Essequibo, tnkiug a great number of 
pictures on bis route. He afterward crossed the continent to Limn, 
and going Dortbward visited the month of the Columbia River, Kootka 
Sound, Alaska, and to The Dalles, and np the Columbia Biver to Wnlla- 
Walla, thence up to the Salmon Biver Valley, and across the mouutaios 
into Snake River Valley at Fort Hal!, thence to tbe Great Falls of the 
Snake River, and returning to Portland proceeded to San Francisco 
and San Diego. From San Diego be crossed the Colorado of tbe West 
and tbe Rocky Monntains, and descended tbe Rio Grande del :Norte in 
a canoe to Matamoras. From Matamoras he set out for Sisal, iu Yucatan, 
and thence proceeded to Havre. Starting again from that place iu the 
fall of the same year, 1855, he went to Rio Janeiro and Bnenos Ayres. 
Ascending the Paraguay and Parana, he crossed the Eutre Rios 
Mountains to the head-waters of tbe Uruguay, which bo descended to 
tbe mouth of tbe Rio Negro and returned to Buenos Ayres. From this 
place, in 1806, be took passage in a sailing-vessel coasting the trbole 
length of Patagonia, and then north to Panama; thence to Chagres, to 
Caracas in Venezuela, to Santa Martha and Maracatbo. In these six 
years, completing his Indian studies, he retired to Brussels, aud, with 
pen and brush, again set himself to recording the resalts of his travels, 
adding to bis history of tbe Xorth American Indians that of the Indians 
of South America. He remained at Brussels until his return to thi" 
country in 1871. ' 

During his life, and in periods of rest from bis travels, he wrote and 
published the following works : 

1. Catlin'B Notes of Eight Tears' Travels among tbe Korth American 
Indians, 2 vols., 1851. 

2. Catlin's Notes of Eight Years' Residence in Europe, 2 vols, 18i8. 

3. Catlin's North American Portfolio, 1844. 

4. Okee-pa, a Religious "Mandan" Ceremony. 

5. Life among the Indians, (book for youth,) 1867. 

6. Last Rambles among the Indians of the Bocky Mountains and 
Andes, 18G7. 

7. Shut Your Mouth, 1869. 

8. Uplifted and Subsided Rooks of America, 1870. 
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Table ahoKing the number of entries in the record-books of the Smithsonian 
JlftMcum at the dose of the years 1871 and 1S72, respectively. 



SkeletaDB and Bkolls 

MammalB ■-. 

Birda 

BeptilM 

FiHhM 

Eggs of bird* 

CroataoeMia 

UoUnsks 

Badiates 

Anaelida 

Foeails 

HinenUa 

Ethnological Bpecimena - 
Total 




Increase for IWS, 8,3)^7. 
Approximate table of distribution of duplicate specimens to the end of 1872. 





end of leri. 


Distribntion 
during 1672. 


Total to end of 
1872. 




Species. 


Speci- 


Species. 


Speci- 
mens. 


Species. 


Sped- 


Skeletons and ekalle 


325 
941 
22,940 
1,B41 
2,477 
6,606 
SI, 712 
1,078 

1,836 
18,503 
4,109 

4,GI0 

1.836 


827 

i,sas 

35,428 
2,970 
5,311 

16,698 

186, 157 

2,650 

778 

5,152 

25,063 

10,135 
9,974 
1,342 
3,150 


19 

22 

1,129 


37 

68 
1,667 


344 
963 
24,069 
1,841 
2,517 
6,627 
84,617 
1,078 
563 
1,644 
20,370 
4, 112 
6,313 
1,676 
2,248 
58 


1,S90 






2,970 




40 
21 
905 


87 

22 

1,035 




ie,TSO 






2,660 








Other marine invertebrates 
PInDts &. packages of seeds 


6 

1,867 
3 
663 
361 
412 
29 


8 

4,642 

6 

728 

397 

1.144 

29 


5, ISO 
89.785 


Minerals and TDcks 

Ethnological specimens ... 


10.702 
1.739 
4,2W 

ai2 


Diatomaceons earths 


Total .... 


152.743 


309,080 


5,517 


9,880 


158,260 


317,980 



56 ADDITIOS8 TO THE COLLECTIONS. 

ADDITIONS TO THE COLLECTIONS OF THE SMITHSONIAK 

INSTITUTION IN 1872. 

Abell, J. Balls. iDdian relics, insects, &c , from Virginia. 
Akhurst, J. Specimeus Irom Northwest Coast. 
Albuquerque, F. Skeleton of Tapir and head of Deer from BraziL 
Allen, J. A,, for Mus. of Comp. Zool., Cambridge, Mass. Specimen of 
Lagomys in alcohol, and uest and egg of Plectrophanes omatus. 
Two specimens Leucoaticte tephrocotis from Colorado. 
Aman, S. Specimen of Bpider-craU from Chesapeake Bay. 
American Museum of Kat. History, Heio York. Mounted specimen of 

Labrador Duck, (Camptohtemus labradorius.) 
AttderHoB,Wm. Ethnological specimeus and fossils from Ohio. 
Amy, Hon. W. F. M. Bundle of arrows of White Mountain Apaches, 
Arizona, and many other specimens of Ethnology, Mineralogy, and 
Natural History. 
Atkins, C. G. Two 8|>ecimen8 of Salmon, from Bucksport, Me. 
Auhin, N. Copper-ores from Lake Superior. 
Babcoek, Qen. 0. E. Specimens of silicifled wood from excavations of 

public works. Washington, D. <J. 
Bailey, Dr Q. W. One bottle alcoholic reptiles, insects, &c., from New 

Mexico. 
Baird, Prof. S. F.., U. 8. Commisa'r of Fisheries. Forty-four boxes general 
collections from Eastport, Me. 
Embryonic chicken in alcohol, Washington, D. C. 
Baker, W. A. Collection of prehistoric flint implements from Qreat 

Britain. ' 

Barnes, Thos., through Col. E. Jewett. Copper chisel irom Niagara Co., 

N.Y. 
Bendire, Lt. U. S. A. Birds dried m the flesb, nests, and eggs, from 

Arizoua. 
Berendt, Dr. H. Three boxes and one package general collections from 

Honduras. 
Binckley, J. M. Indian stone implemeut from Virginia. 
Bissell, Geo. F. Stone implements, and antler imbedded in wood, from 

Creswell, Oregon. 
Blackinore, W. Prehistoric stone relics from Europe. 
Blakeelee, D. Indian stone relics from Ohio. 
Bloom, F. J. Fossils and Indian relics from Mississippi. 
Boeck, Axel. Crustaceans from Norway. 
Boles, Hon. T. H. Sjiecimens of iron-ore from Arkansas. 
Brecoort, J. Carson. Specimen of Ring-tailed Monkey from the Amazon, 

(fresh). 
Brown, Dr. Ryland T. Specimens of rock-salt from Arizona. 
Brown, Hon. H. 0. Quartz arrow-head from Anacostia, D. C. 
Brush, A. P. Indian stoue implements from Quincy, Pa. 
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Brpan, 0. -JT. Sknll of a monnd-bailder, from mound near Dubnqae, 

Iowa. 
Carleton, Bev. Hiram. Specimens of wheat prepared against rust. 
Carleton, Gen. J. H. One box fossil bonea from Sonora, Mex. 
Chaate, J. B. One box fossila from Iowa and Illinois. 
Clarke, Geo. Fishes from Lake Erie and Detroit River. 
Clarke, S. C. Etlinologicai specimens from Spruce Creek, Fla. 
Cleburne, Wm. TUree boxes fossils from along the line of Union Pacific 

Railroad. 
Clements, C. C, Surveyor-General of Utah. Specimens of silver-ores. 
Cochrane, J. Ancient pottery, &c., from Illinois. 
Cogswell, Mrs. ^Y. F. Specimens of iron-ores from Lake Snperior, 
Collett, Robert. CoUection of Norwegian flshns. 
Colyer, Vincent. Indian clothing, implements, &c, from Alaska and tbe 

western Territories. 
Comstoek, Oen., U. 8. A. Specimens of dredgiogs made under the lake 

survey in Lake Superior. 
Cooper, W. A. Birds' eggs from Santa Cruz, Cal. 
Coues, Dr. Elliott, U. S. A. Skeleton and odd bones of Didclpkys vir- 

ginianus, (types of bis monograph of the species.) 
Curtis, R. V. Fossils from Genesee Co., N. Y. 
Curtis, W. W. Specimens of qnartz from Wisconsin. 
Cmick, C. C. Ethnological specimens from Dakota Territory. 
Pall, W. H. General collections from Alaska and tbe Alcntian Islands, 

part of the collections by M. W. Harrington. 
Davis, Rev. J. E. Indian stone pipe, {loon shape,) from West Virginia, 
Dennis, Joel M: Ancient pottery from Newark, Ohio. 
Dobson, J. R. Specimens of iron and iron-ores from Peiiu»ylvaoia. 
Domeyko, Dr. Ignado, University of Chili. Eight boxes of Chilian min 

erals. 
Duvall, Geo. W. Specimen of Cormorant, (Graculus dilophus.) Sucking- 
fish, and woodchuck, from Annapolis, Md. 
Dyer, C. B. Box of fossils from Cincinimti, Ohio. 
Edwards^ Amory. Fossils from Kansas. 
Edwards, Vinal S. Fishes, &c., from Vineyard Sound, Mass. 
Elias, Mr. Medal issued in commemoration of the introduction of water 

into the city of Buenos Ayres, South America. 
EHiott, Henry W. Ten boxes general collections from Saint Paul's 

Island, Alaska. 
Faullmer, J. Collection ot birds' eggs from Northern Illinois. 
Feiger, Don Ramon. Prepared head of Indian from Eksuador, South 

America, (through Hon. Rumsey Wing, United States minister.) 
Fithie, Jas. 8. Insects, &c., from Mississippi. 
Flint, Dr. Earl. One box of ancient pottery from Nicaragua. 
Gabb, Prof. W. M. One box stone implements and pott«ry from Santo 

Domingo. 
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Gibbon, Lardner, Arrow-beads and Indian relics from Soatli Caroliua. 

Giles, Norwood. Birds' eggs and ne»t8 from North Carolioa. 

Qilpin, Dr. J. B. Specimens of Sea-Treat from Labrador and fisbes from 
Nova Scotia. 

Goldsmith, Dr. tbroagh P. S. Pkdps. One box fisb firom Ticonderoga, 
Lake Cham plain. 

Goode, G. Brovm. One bos flebes from Bermuda. 

Greene, A. S. One package minerals and one can fish from Maine. 

Griffi,th, T. D. Cotton raised by Indians of Gbickasan' Nation, Indian 
Territory. 

Hamilton, Son. C. L. Specimen of white Coral from Key West, Fla. 

Hansen, JB". Walter. One ancient implement of polished iron-ore from 
Texas. 

Har&ftbergh, J. B., U. 8. Sarvey'r-Gen'L Specimens of ores from Calave- 
ras Co., Cal. 

Harford, G. One box of birds from San Miguel Island, California. 

Harris, Wyatt. Fossil univalve from Mt. Vernon, Mo. 

Hawkins, B. WaterKovse. Model of Irish Elk (restored) on deposit. 

Harden, Dr. F. V. General collections of minerals, fossils, and speci- 
mens of Natural History from Wyoming, Utah, and Montana. 

Hatch, Dr. Pour specimens of Silver Trout, from Centre Pond, Dublin, 
N. H. 

Henderson, Jno. O. Indian stone implements from monnd near Naples, 
111., (loaned.) 

Hicks, W. R. One package Indian relics from North Carolina. 

Hilgert, H. Specimens of sillcified wood from New Mexico. 

Hobbs, iLij. T. J. Specimen of Potomac Black Bass. 

Hoffman, Dr. A. H. Indian relics from Angel Island, Gala., (through 
Surgeon-General's ofBce.J 

Hoffman, Dr. W. J. Tortoise from Colorado Desert. 

Holmes, 6. G. Skull and horns of African Antelope "Koodoo." 

Hoist, Dr. Chr., University of Ckriattania, Norway. Collection of min- 
erals from Norway. 

Hoover, Jno, T. Nest of small Fly -Catcher from Dansville, N. Y. 

Sough, R. B. Nests and eggs of birds from Northern New York. 

Hovey, Geo. Specimen of Gordiits in alcohol. 

Howell, R. Indian relics and fossils from Tioga Co., N. ¥. 

HurWurt, Geo. H. One box of birds from New Granada. 

Imp. Mus. Vienna. See Pelzeln, A. von. 

Jetcett, Col. E. Stone disk from monod at Cedar Key, Fla. 

Jones, Dr. Jos. Casts of ancient stone implements from Louisiana. 

Jordan, H. G. Alcoholic collections from Brazil and Paraguay. 

Junghuuns, Dr. Two human skulls from Japan. 

Kalteyer, Geo. H. Fossil tooth (Ptyehodvs) from Texas. 

Eeenan, T. J. R. Ethnological and other specimens from Mississippi 
and Louisiana. 
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Kellogg, B. B. Indian stone implements from K^ew Fairfield, Ot. 

KerchevtU, A. Minerals and fossils from West Virginia. 

Kerr, Jno. W. Eight specimens of Lake White-fisli from Lakes Erie 
and Ontario. 

Kiel, Peter. One box White-fish from Wolf Island, Ontario. 

Knudatn, Yaldemar. Ethnological and zoological collections from the 
Sandwich Islands. 

Kron, F. J. Indian antiquities from ITorth Carolina. 

Lee, Col. J. 0. 0. Specimens of Indian pottery and other relics from 
Arizona. 

Lebane, Jot., Bospiial Steward U. 8. A. Specimen of Mountain Rat, 
{Neotoma,) and skin of Horned Owl from Camp Uonglas, Utah. 

Leidy, Dr. Jos. One box ethnological specimeDS from Wyoming Terr. 

Lwx, Capt. 8. S. Specimens of ancient Bomau mosaic pavement from 
Italy. 

Ludington, C. Fresh fish, shells, &c., from lower Potomac 

Uacfie, R. One box White-fish from Albnrgh Springs, Vt. 

Mackenzie, Jos. Specimens of corals and shells imbedded in asphalt, 
from Cuba. 

MaiMn, Dr. C. One jar alcoholic collections from Beanfori., N, C. 

Marquar^, H. S[)ectmeasof Guaco, and Nopal, from Mexico. 

Maynard, C. J. One bos birds, (lent for examination.) 

McCallum, D. Specimen of Glow-worm. 

McWilliamp, Dr. Specimen of rose- breasted Grosbeak from Washing- 
ton, D. C. 

Meigs, Oen. M. C. One jar alcoholic collections from Arizona, shells, 
&c., from JJower California. • 

Merritt, Jno. F. Arrow-heads from Northern New Tork, 

Metcal/, W. Birds, &c,, from Michigan. 

Millsr, J. De Witt. Indian atone implements from New York. 

Miller, 8. A. Collections of fossils from Ohio. 

JUilner, James W. Collections of fishes, reptiles, &c., dry and in alcohol, 
from the great lakes. 

Mobius, J>r. Karl, Vntrersity of Kiel, Prussia, Fishes from the Baltic 
Sea. 

Moore,- A. B. Birds' nests and eggs from Florida. 

Moore, Carleton R. Indian stone relics from the Eastern Shore of Mary- 
land. 

Mori, Mon. Arinori. Set of Japanese gold and silver coins, and ethno- 
logical specimens from Japan. 

Morris, Jordan, through Z. B. Sturgis. Fragment of fossil Coral {Favo- 
tiles) from Salem, lud. 

Mvllet, A. B. Two boxes of minerals. 

ifunton, Chas. Specimens of gray copper-ore. 

Mus. Comp. Zoology, Cambridge, Mass. Gastsof fossils; two boxes general 
collections. 
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Nelson, W. J. Specimen of rock from Virginia. 

Nichols, Dr. C. H. Specimens of Jaguar aod Monkey from S. America, 

(died iu captivity at GovernmeDt Hospital for the Insane.) 
Nugent, F. F. Birds' nests and eggs from Utah. 
Oler, H. D. Indian flint implements from Illinois. 
Palmer, Jos. Casta of skulls and alcoholic specimens. 
Papiiuau, E. A. Insects from Kansas. 
Peabody ilus. See Wyman, Dr. Jeffries. 

Peheln, Dr. A, pom, Imperial Mus. Vienna, One large box skeletons. 
Poey, Prof. F. Two casks aud one box Cuban fishes, labeled. 
Powell, Maj. J. W. General collections from Utah aud Arizona. 
Powell, Capt. 8. Oue box fishes from Bhode Island. 
Prentiss, Dr. D. W. Birds collected in the vicinity of WashingtOD. 
Propper, Geo. H. Fossils and ethnological specimens from Dakota Ter, 
Putnam, Geo. D. Oue box insects from Iowa. 
Rmd, Bev. D. Ooe box freshwater shells from Minnesota. 
Seinsck, Dr. Paul. Herbarium of mosses (2 vols.) from Central Europe. 
Ricksecker, E. One box of eggs from Nazareth, Pa. 
Ring, Lt. F. M. General collections from Alaska. 
Robinson, Miss Agnes C. Nest of Vireo from vicinity of Washington. 
Roessler, A. R. Specimen of copper-glance from Archie Co., Tex. 
Rouekendorff, W. Cluster of barnacles. 
Royal College of Surgeons, London, Prof. W. H. Flower. Casts of brains 

aud oateological specimens. 
Rutter, H. Fresh fish (Coregoni) frvm Fredericton, N. B. 
Salt Lake Museum. One box miuerals, fossils, &c. 
8arg, FrOncis. Collections of insects and shells from Guatemala. 
8ars, 0. 0. Embryonic Cod fish from Norway. 
SartoriuSy Florentin. Four specimens of the wax-producing iusect 

(Lystra cerifera) from Mirador, Mex. 
8ayre, W. Marine invertebrata from South Carolina. 
IScamtnon, Capt. C. M. Specimens of bones of Cetaceans, &c., from N. W. 

Coast. 
Sceva, Geo. Five boxes of fossils from Pt. Conception, Cal. 
ScluKkt, Bros., Sandushy, 0. . One box fish-products. 
Schoolcraft, Mrs. E. R. Indian fiint knife. 
Sekrock, J. Ethnological specimens from Ohio. 

Sherman, Isaac C. Stuffed specimen of Bill-fish, (Bistiophorus gladius.) 
Sinclair, Tkos. Specimen of young Sucking-fish from George's Bank. 
Spencer, J. W. Fossils from Snllivan Co., Ind. 
Stanly, H, 0., through jH, T. Richardson. Six jars Blue Trout from 

Kangely Lake, Me. 
Steams, B. E. C. One box birds' nests and general collections from 

California. 
Stimpson, Dr. W. Two cases general collections from Florida. 
Stone, LivtTigston. Salmon-eggs from Sacramento Kiver, Cal. 
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Street, W. Eggs of Huwbs from Easttaampton, Mass. 

8umichr<Kt, Dr. F. General collections from Tflbaaotepec, Mex. 

Svrgeon-Qeneral U. 8. Army. See Sojffman, Dr. A. B. 

Swan, J. G.y tlirongh Geo. Qibha. Indian implements from Wasbington 
Territory. 

Thomat, Gen. U. G. One box bones of monnd-bailders from DaW ^ta. 

Thompson, D. Indian stone relics from Ohio. 

Thompson, J. II. One jar fishes from Xew Bedford, Mass. 

University of Chili, Santiago, Chili. See Domegko. 

University of Ghristiania. See Moist, Dr. Chr. 

University of Kiel. See M&Uus, Dr. E. 

Ut^mown. Fossils from Onondaga Co., If. Y. Box of living plants 
from W.i»liinf:toa Ter. Fresb skin of Afri<-an Onll. One Moth from 
Erie, Pa. One hoa specimens from Pa. One box alcoholic specimens 
and insects. 0[ie box fossil bones from North Carolina. One living 
serpent {Abastor erythrogrammus) from Georgia. Ores from Amador 
Ca, Cal. Bones of Mastodon from Mississippi. Silver-ores from 
Montana. Utie earthen pipe. 

Toorkees, F. W. Bi>eciiDen of bog-iron ore from New Jersey. 

Waldo, Rev. Milton. One box minerals and fossils from Bonth Carolina. 

Walker, Dr. li. L. Indian stone hammers and arrow-heads from Penn- 
sylvania. 

Wallace, Jno. Skeletons of Flamingo and Swan. 

Ward, Prof R. A, Skeleton of Bnffalo. 

Wasson, Jno., Surveyor-General Arizona. Specimens of silver-ores from 
varioas mi lies in Arizona. 

Watson, S. Seta of plants made up for distribution. * 

Waiters, Dr. W. Fnigment of skin of a PUigiostome from Searsport,Me. 

Webber, ilrs. Specimens of sheila in alcohol from Florida. 

Westeott, 0. S. Speciuien of Bald Eagle from Illinois. 

Wheeler, Lt. G. M. General collections from Utah and Arizona. 

Wheeler, W. F., U. S. Marshal. Skin of Bocky Monntflin Goat from 
Montana Territory. 

Whitman, O. P. Beak of a Cnttle-fish from Eockport, Me. 

Williams, H. C. Stone arrows and ax from Fairfax Co., Va. 

Wilson, Dr. J. N. Copper quiver from near Newark, O. 

Wood, Dr. W. jW- One box general collections. 

Woodtrorth, 0. H. Specimens of Homed Toad and insects from New 
Mexico. 

Wright, Chan. D. Brick from the wall of Pekin, China, (on deposit.) 

Wyinan, Dr. Jeffriex, Peahody Mus,, Cambridge, Mass. Three boxes of 
European prehistoric relics. 

Yarroic, Dr. H. C. General collections from Ft. Macon, N. C. 

Yates, Dr. L. G. Minerals and stone relics from California. 

Yovge, Wm. Penn. Specimen of Shad from Alabama River. 

Zaremba, Dr. C. W. Fruit and leaves of Chilian Boldo-tree, {Prvnus 
fragrans.) 
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TABLE SHOWING THE STATISTICS OF THE 
EXCHANGES IN 1872. 


SMITHSONIAN 


Agent and eoaatry. 


"3 


1 
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•3 
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I" 
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Bofol BwediHh Academ; of Sciences, Stock- 
holm : 


27 


73 


4 












Boyal UniTersity of Norway, Cbristiaoia: 


23 


^ 


3 










Royal DoDisb Society of Soiencca, Copeoba- 


25 
2 


57 
3 
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S7 


59 


3 












WatkiDS & Co., St Pateisbms : 


89 


189 


6 










FredeHo HilUer, Anwterdam : 


56 
95 


125 
140 


4 
4 
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265 


8 












Dr.FeliiFlUgel, LeipBio: 


435 

56 
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14^ 
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40 
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777 
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Gnstave BoesanRe, Paris : 


IW 


349 


8 












B. iBtitato Lomb. di Sciense e Lettere, Milan : 


131 


232 


5 












Boyal Acftdemv of Sciences, Liabon : 


19 


19 
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Royal Academy of Sciences of Madrid : 


8 
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1 












William Wesley, London : 


299 
20 

4 
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22 
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27 
43 
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University of Melbonrno: 
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Besides the observers making moutlily reports upou Smitbsonian 
blaok forms, tlie iustitutiou receives regular returns from — 

The Chief Sitpial O^a; Uuited States Army, daily records, including 
weatlier maps. 

From the Central Park obserratori/, New Vork, weekly, 

from Chat. G. fici'n^, San Francisco, newspaper slips IVom tlie Altii 
Califoroia, containing meteorological observations, monthly. 

Some of tlie observers fumiali, in addition to their reports, more 
detailed descriptions of varions meteorological pheDomenn. 

MiiUer, Dr. R., Theological Seminary, Cartlmgena, Ohio, monthly. 

WilUama, Rer. R. 0., Castleton, Vermont, hourly inotcoi-ologieal ob- 
servations, observations on magnetic variations, &e. 

Wing, Miss M. E., West Charlotte, A'ermont, manu-seript notes on the 
wiuds and the weather in general, record of jieriodical phenomena, &e. 

Printed summaries or abstracts from newspapers or agricultural pub- 
lications arc mentioned in the list of additional metcorologie:il mate- 
rial. 

LIIITISII AMERICA. 

JsOVA Scotia: 
Acadia Colkge, Wolfville, Kings Province, BTE ; U. P. Uiggin.f, the 
present observer. The college bas sent obscn-atious sinre 185i. 

Uew Belkswick: 
Mitrdocl; Gilbert, St. John, BTPli j since 1S50. 

Canada : 
Stetcart, James, Province Manitoba, Selkirk County, BTPli; since 
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meteorological obseqvebs. th 

ITetvtoumdlakd : 
Selaney, John, Saint John's, BTK, 1871. 

Clifty Henry A., Harbor Grace, remarke on anrora, &c., in MS., 1S72. 
J/t(«», ArcUibaU, Harbor Grace, TR ; 1872, 

Quebec : 
Qilmimr, Arthur H. I., Stanbridge, Miasisqnoi County, TB; since I8CS. 

Ontaeio : 
TTylte, Wm., Monnt Forest, Wellington, and Grey Coanties, BTPB. 
Reports of Moant Forest Grammar Scliool, weekly, 1872. 
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REPORT OF THE EXECUTIVE COMMIHEE. 



The Executive Committee of tlie Board of Itegeuts rcHpectfully sub- 
mit the followlDg report in relation to the funds of the Institution, the 
receipts and expenditures for the year 1872, and the estimates for the 
jearl873; 

STATESIEST OF THE PUMD AT THE BEGINMINO OF THE YEAE 1873. 

Amount originally received as the bequest of James Smith- 
son, of England, deposited in Oie Treasury of the United 
States, in accordance with the* ct of Congress of August 
10, 1846 8515, 100 00 

Besiduarj' legacy of SmithsoD, received in IRtio, depos- 
ited in the Treasury of the United States, in accordance 
with the act of Congress of February 8, 1807 20, 210 63 

Total bequest of Smithson - 54i,379 63 

Amount deposited in the Treasury of the United States as 
authorized by act of Congress of February 8, 1867, 
derived from saviuga of income and increase in value of 
investments 108, 6:i0 37 

Total permanent Smithson fund in the Treasury of the 
United States, bearing interest at per cent, payable 
semiannually in gold 050, 000 00 

In addition to the above there remains of the extra fund 
from savings, &c., in Virginia bonds, at par value, 
888,125.20, now valued at 37,000 00 

Cash balance in First National Bank, 1st January, 1873.. 17,811 36 

Total Smithson funds Ist January, 1873 704,811 36 

The Virginia stock has risen in value during the past year, and as 
the prospect is that the legislature of the State will make provision for 
the regular payment of the lotei-est, the probability is that this stock 
will continue to rise. 

Duriug the past year, the Institution has received from its agents, 
Messrs. Itiggs & Co., on account of back interest on Virginia bonds, 
after deducting expenses, $3,004.90, in regard to which a detailed account 
is giveu in a communication of the Secretary to the Board at its meet- 
ing of January 16th. 
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The balance at tbe begiiiiiiDg of the year, $17,811.3(1, its given in the 
foregoing statement as a part of tbeSmithsou fund, bas not been invested 
because it is reqnired to pay bills as tliey become dne, previous to receiv- 
ing tbe semi-annual income at the end of June, 1873, or, in other words, 
to support tbe Institution during tbe accumulation of the first half 
year's semi-anunal interest. 

STATEMENT OP RECEIPTS FEOM THE SMITHSON FUND FOR 1872. 

Interest on 1650,000, at 6 per cent, iu gold $39, 000 00 

Premium on gold June and December, (13| and 11^) 4,911 55 

Interest on Virginia stock, less commissions 3, OOi 90 

Total receipts : 46,910 45 

Total expenditures from the Smitbson income during 1872, 
as shown by tbe detailed statement given below 45,420 11 

Balance unexpended 1, 496 34 

The above balance is added to tbe uninvested savings from previous 
years, viz, $16,315.02, making the $17,811.36 found iu the preceding 
general statement of the condition of the funds. 

EXPENDITURES FROM THE SSniHSON FUND FOR 1872. 
Building. 

Reconstruction and repairs $6, 672 35 

Furniture and fixtures 1, 625 87 

$8, 298 22 

General ejcpensea. 

Meetings of the board $155 50 

Lighting the building, exclusive of Museum . 217 67 

Heating the building, exclusive of Museum. ■ 754 00 

Postage, exclusive of Museupi 320 73 

Stationery, exclusive of Museum 541 62 

Incidentals, exclusive of Museum 525. 62 

Salaries, clerk-hire, and labor 11, 153 83 

13, 068 97 

Publications and researclies. 

Smithsonian Contributions, quarto $6, 394 17 

Miscellaneous Collections, octavo 1,661 99 

Annual reports, octavo 527 50 

Meteorology 2, 550 00 

Apparatus 645 00 

Laboratory 109 87 

Lectures 600 00 

12,548 53 
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Exchanges. 

Literary and scientific escbaogcs tbrough agencies in 
London, Paris, Leipsic, Amstmlam, Stockholm, &c. . . $o, 870 32 

Museum. 

Salaiies, preservation of collections, &c., paid from tbe 
Smitbsonian iocotne in addition to tbe sums drawn from 
the appropriations by Congress 5, 03+ 07 

Total expenditure from the Smithson fund in 1S72, 

aa given alwve 45, 420 H 

During the past year tbe Institution has ndranced money for tbe 
payment of freight on specimens, the purchase of apparatus for Govern- 
ment expeditions, &c., the repayments of which, together with the amonnt 
received for sales of publications and old material, have been deducted 
from tlie several items of tbe foregoing expenditures, as follows: 

From museum, for repayments for freight $610 03 

From exchanges, for repayments for freight 462 81 

From apparatus, for instruments for expeditions 1,306 23 

From lectures, for advance for scientific coui^se 382 20 

From Smithsonian Contributions and Miscellaneous Collec- 
tions, for copies sold 307 3C 

From building and incidentals, for sale of old material 44 G8 

Total repayments and miscellaneous credits in 1872. . 3, 113 31 



The estimates for tbe year 1873 are as follows : 

ESTIMATES. 

Eeceipts. 
From interest on tbe permanent fund, in gold, to be re- 
ceived June 30, 1873 810, 500 00 

To be received December 31, 1873 19, 500 00 

Probable premium on gold at 10 per cent 3,900 00 

From interest on Virginia stock 1,700 00 

Total receipts .' 44,000 00 

Appropriations. 

For building S3, 000 00. 

For general expenses 13, 000 CO 

For publications and researches , 20, 000 00 

For exchanges 7, 000 00 

For contingencies 1, 600 00 

44, 600 00 
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NATIONAL MUSEUM. 

Until tbe year 1870, the support of tlie National Museum bad piinci- 
I>iiny devolved on the Smithsonian Iiistimtion, only $4,000 having been 
annnally appropriated by Congress lor this puriwse. Since that dat«, 
however, Congreas has indicated the intention of providing for the full 
support of the Museum, as is evident from the following extracts from 
the annual appropriation acts: 

Smithsonian Institution : For preservation of the collec- 
tions of the surveying and exploring expeditious of the 

Government, ten thousand dollars $10,000 00 

4lBt Gong., Bess. II, Chap. 202, Stat at Large 1869- 
71, p. 295. Act (July 15, 1870} making appropria- 
tions for sundry civil expenses, &c., for the fiscal year 
ending June 30, 1871. 

Smithsonian Institution : For preservation of the collec- 
tions of the surveying and exploring expeditions of tUo 

Government, ten thouaaud dollars 10, 000 00 

41st Cong., Sobs. Ill, Ch. 114, Stat, at Large 1869-'71, < 
p. 600. Act (March 3, 1871) making appropriations 
for sundry civil expenses of the Government, &c, for 
the fiscal year ending June 30, 1872. 

Smithsonian Inetitufiou: For preservation of the collec- 
tions of the Borveying and exploring expeditions of the 

Government, fifteen thousand dollars 15, 000 00 

42d Cong., Sess. II, Ch. 415 Stat, at Large 1871-'72, 
p. 361. Act (June 10, 1872) making appropriations for 
sundry civil expenses, &c., for the fiscal year ending 
Juue 30, 1873. 

It should be noted in regard to the above appropriations that the fiscal 
year of Government is not the same as that of the Institution, the 
former ending on the 30th of June, and the latter on the 31st of Decem- 
ber. From this fact it follows that although tbe last appropriation of 
Congress is $15,000 for the care of the Museum, yet the amount available 
from this appropriation, iu 1872, was only $7,500, or the first half of 
the appropriation for tbe fiscal year ending 30th June, 1873. 

Besides this, however, there vras drawn the whole appropriation for 
the fiscal jear ending 30th of June, 1872, viz, $10,000, tbe first half of 
-which should have been drawn the previous year, and thus have dimin- 
ished the expenditure from the Smlthson income for the Mnsenm in 
187L 
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Tbe foIlowiDg is therefore a etatement of tbe receipts and expenditures 
for tbe care of the National Museum in 1872 : 

Appropriation by Congress for the first half of tbe fiscal 

year ending 30th June, 1872, viz, July to Decern ber„l 87 1 . $5, 000 00 
Appropriation by Congress for the first half of the fiscal year 
' ending SOtli June, 1872, viz, Jannary to June, 1872 5,000 00 

Total for fiscal year ending 30tb Jane, 1872 10,000 00 

Appropriation by Congress for theflrsthalf of the fiscal year 
ending 30th June, 1873, viz, July to December, 1872 7, 500 00 

Total tVom congressional appropriation 17, 500 00 

Also from Smithson income for 1872, as shown in the preced- 
ing statement 5, 034 07 

Making a total for the care of the Moseum 22, 534 07 

This large expenditure was necessary for the preservation of a num- 
ber of perishable specimens, the moanting of the large casts of fossils 
presented by Professor Henry A. Ward, of Bochester, N. Y., the prepa- 
ration of numerous skeletons, tbe transfer of tbe Mineralogical and Geo- 
logical Museum of the Government from the General LandOffice to the 
Smithsonian building, and the preliminary examinatJon of tbe speci- 
mens of which it consisted. 

The cost of the reconstruction of (he building after the fire of 1865, 
exclusive of furniture, was $136,000, the whole of which was paid from 
the funds of tbe Institution for restoring tbe main building, and not for 
fitting up tbe rooms wanted for the further extension of tbe Museum. 
For tbe latter purpose Congress has made provisions in t.he following 
acts : 

Smithsonian Institution : Toward the completion of the 
ball required for the Government collections, ten thou- 
sand dollars - 810, 000 CO 

41st Cong., Sess. II, Ch. 292, Stat, at Large ISfiiMTl, 
p. 295. Act (July 15, 1870) making appropriations 
for sundry civil expenses, &c., for the fiscal year end- 
ing June 30, 1871. 
Smithsonian Institution: For tbe completion of tbe ball 
required for the Governmeot collections, ten thousand 

dollars , 10, 000 00 

41st Cong., Sess. Ill, Chap. 114, Stat at Large 
1800-71, p. 501. Act (May 3, 1871} making appro- 
priations for snndry civil expenses of the Government 
for the fiscal year ending June 30, 1872. 
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SmitlisoDiaii InstitatiOD : Tocommeuce tbo proper fitting 
ap, in a fire proof manner, of the vacant apartments in 
the Smithsonian Institution building, for the proper dis- 
tributioD and exhibition of the Government collections 
of natural history, geology, and minendogy, five thou- 
sand dollars $5, 000 00 

42d Cong., Sess. II, Ch. 172, Stat, at Large 1871-''-i, 
p. 131. Act (May 18, 1872) making appropriations to 
supply deficiencies in tlie appropriations for the service 
of the Government for the fiscal year ending June 30, 
1S7^, and for former years. 
Smithsonian Institution: For the completion of the hall 
required for the Government collections, ten thousand 

dollars 10, 000 00 

42dCoog.,Se8S. II, Chap. 415, Stat, at Large, p. 361. 
Act (June 10, 1872) making appropriations for sundry 
civil csiKnses of the Government for the fiscal year 
ending June 30, 1873. 
Of these appropriations, $20,000 were expended in 1871 on account 
of ceilingj flooring, plastering, and finishing hails for the extension of 
the Museum ; and in 1872, $2,962.50 for cases for tho geological hall, 
leaving available for the first half of 1873, for finishing these cases, and 
for commencing those for the large ball in the second story of the main 
building, $12,037.50. 

The foregoing espcuditures for fitting up rooms for tbo Museum, 
$2,962,50, as well as those for the care and preservation of the collec- 
tions, $17,500, have been acconnted for to the Secretary of the Interior, 
as in previous years. 

Tbo Executive Committee have examined thirteen hundred and ninety- 
five receipted vouchers for payments made during the four quarters of 
the year 1872, both from the Smithson fund and the appr(y>riations 
from Congress, In every voucher the approval of the Secretary of the 
Institution is given, and the certificate of an authorized agent of the 
Institution is appended, setting forth that the materials and property 
and services rendered were for the Institution, and to bo applied to the 
purposes stated. 

The quarterly accounts-current, bank-book, check-book, and ledger 
have also been examined and found correct, showing a balance in the 
First National Bank, 1st of January, 1873, of $17,811.36. 
Bespectfully submitted. 

PETER PARKER, 
JOHN MACLEAN, 
W. T. SHERMAN, 

Executive Committee. 
January 20, 1873. 
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JOURNAL OF PROCEEDINGS OF THE BOARD OF REGENTS OF THE 
SMITHSONIAN INSllTUTION. 



TnuESDAY, January 16, 1873. 

A meetiug of tbe Board of Itpgcnts of the SmilbsoDian InstitDtion was 
held this day, at C o'clock p. m. Present: Tbe Chancellor Chief Justice 
Cbase, Hon. S. Colfax, Hon. H. Hamlin, Hon. L. Trumbnll, Hon. J. W. 
Stevenson, Hon, J, A. Garfield, Hon. L. P. Poland, General Sherman, 
Professor Agaasiz, Hon. Peter Parker, Kev. Dr. John Maclean, and Pro- 
fessor Henry, the Secretary. 

The Chancellor being unablo to be i)resent at tbe beginning of the 
meeting, Hon. Mr. Hamlin was called to tbe chair. 

The Chancellor arriving at 7 o'clock, assumed bis official position as 
presiding officer of the Board. 

The Secretary informed the Board that since its last meeting the death 
of Hod. Gairett Davis of theUnltcd States Senate had occurred, and that 
tbe vacancy thus created in the Board of Regents had been filled by the 
appointment of Hon. J. W. Stevenson, a Senator from the State of 
Kentucky; whereupon, on motion of General Garfield, the following 
resolutions were adopt«d : 

Resolved, That the Board of Begents have heard the annonncement 
of tbe death of their highly esteemed colleague, Hon. Garrett Davis, of 
Kentucky, with deep and sincere regret. 

Reaolred, That in the death of Mr. Davis the Smithsonian Institntioa 
has lost a warm trieud, an efficient supporter, and jndicions adviser; 
and the country a patriotic, virtuous, and influential citizen. 

Eesolmd, That these resolutions be entered upon the journal, and a 
copy of them be transmitted to the family of the deceased. 

Tbe Secretary presented to the Board an exhibit on a large diagram 
of tbe condition of the funds on tbe Ist of January, 1873, and of the 
receipts and expenditures daring 1872. 

On motiou of Sir. Hamlin, these exhibits were referred to the Execu- 
tive Committee. 

Hon. Peter Parker, in behalf of tbe Executive Committee, made sub- 
stantially tbe following preliminary report : 

" Tbe Secretary, who by law is tbe custodian of the Smithsonian fnnds, 
has presented to the Regents an ocular exhibit of the present condition of 
these funds, and tbe Executive Committee have, at .the present time, to 
state that they have been laboriously engaged for several days in exam- 
ining 1,395 vouchers for the expenditures of the Institution for the past 
year; and comparing these with tbe bank account, as well as tbe appro- 



itizecy Google 



JOCKNAL OF PROCEEDINGS. 81 

I>r)ations from Congress, find the whole in accordance with the statement 
in the diagram submitted by the Secretary, there being a balance uow 
on hand in the First ^National Bank of $17,811^6. At tbe next meeting 
the committee will present a detailed statement of all the accoants, with 
estimates of the receipts and appropriations for the year 1873." 

The Secretary presented tbe following statement relative to tbe inter- 
est on the Virffinia stock held by the Institution, as furnished by Riggs 
& Co.: 

I!nO. Jan. 16. 3 per c«nt. interest on (53,500, leM|l>.3:i 11,064 65 

1873. JuneSl. }of )1,761 eoaponB,Sl,174, Isae i,f4.40 M^S 60 

Aug. 3. {of 11,761 ooapoM, $1,174, leaai and tax.|n.77.. 1,096 33 

$.1,.130 48 

leri. Dec. 33. To}p«reeiit.eomniuioii9nfaDdiag,tSe,I96 90 ^90 31 

ims. Jan. 13. To i per ceot eomtnualoii on |6e;700, couversion of 

registered to coupon bonds «.. 73 37 

Jnne 31. To exprees obarge on {58,700, bonds sent to BichmoDd 

for sIBxiiig Bute seal, in»dTert«Dtl7 omlHed 39 90 . 

Aug. 2. To expreM<ni91,701conponBtoBiehmoad 1 90 - 

Aug. 2. To eipiesB on (1,761 conpona to Bichmond .......... 150 

335 58 

1872. KoT. 9. Balance paid bj BiKgs d£ Co. to tlie iBBtltation 3,004 9tt 

This communication was referred to the Execntive Committee. 

Tbe subject of the deposit of the articles of fine art belonging to the 
Institation in tbe Corcoran Art Galleiy was presested by the Secretary; 
and, on motion of General Oar&eld, it was 

Eesolvedy That the Exeoatave Committee and tlie Secretary repcHTt as 
to the <diaracter and organization of tbe Corcoran Art Gallery, and the 
plan to be adopted by the Smithsonian Institntioo in eo.operatiog with 
that establishment and in depositing articles with it 

Dr. Maclean presented a statement relative to tbe claim for the por- 
trait of Washington, and stated that a report would be presented on the 
subject by the Executive Committee at the next meeting. 

The Secretary presented the part of his annual report of the operations 
of the Institution during 1S72 relative to original researches, viz : the 
planet Uranus; the tides; altitudes of over 16,000 different places in 
the United States; isothermal map; rain tables; winds and under- 
ground temperatures. 

On motion, tbe Board adjourned to meet ou Monday, January 20, at 
J o'clock p. m. 

MONBAY, January 20, 1873. 
A meeting of the Board was held this day at 7 o'clock p. m. 
Present : The Chancellor Chief Justice Chase, Hon. H. Hamlin, Hon. 
J. W. Stevenson, Hon. L. Trumbull, Bon, J. A. Garfield, Hon. L. P. 
lis 
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Poland, Geueral Sberman, Hod. Pet«r Parker, ProfesBor L. Agassiz, 
Bfiv. Dr. John ]tlaclean, aod tbe Secretary, Professor Henry. 

Tbe Chancellor took the chair. 

Tbe minutes of the laat meeting were read and approved. 

Excuses for non-attendance were received from Messrs. Oollax, Cox, 
and Cooke. 

Flon. Peter Parker submitted the report of the Executive Gommittee, 
which was read, aud, on motion of Mr. Poland, was accepted. 

Ur. Maclean, from the Executive Committee, presented a leport ad- 
verse to the claim for a portrait of Washington painted by C. W. 
Peale. 

Ou motion of Mr. Hamlin, tbe report was accepted, ordered to be filed, 
and a copy to be furnished to tbe claimant. 

Tbe Secretary stated that daring tbe last aession of Congress, maiuly 
through the efforts of Mr. Uamlin, tbe following provision bad been 
adopted in regard to postage facilities : 

"All publicationa eenC or recaived by the Smithsoniao Institation, inaiked on each 
package " SmitbsoDiaD EscboDge," ebatl be alloired to patia roxR in the mau." 

(NsiT PnUt Coda. «lh SDb-dlT., lS41b See, Jane, l«T3. 

This does not provide for letters, nor specimens of natural history; 
and since tbe transfer of tbe mnseum of tbe Land-OiBce to the Institu- 
tion, the ])Ostage on minerals sent by the United States surveyors had 
become a considerable item of expense. The Secretary of the Interior, 
however, bad offered to receive for tbe Institution all such specimens, if 
sent by mail to that Department. 

Mr. Hamlin stated that a bill bad passed tbe House of Bepreseuta- 
tives abolisbiug the franking privilege, and if it passed tbe Senate tbe 
Institution would again have to pay postage.* 

Tbe Secretary stated that the Ifew York, Kewfoandland, and Loudon 
Cable Telegraph Company, aud the Western Union Telegraph Company 
bad liberally granted tbe privilege the Institution had requested, to 
transmit without charge between Europe and America announcements 
of astronomical discoveries, such as planets, comets, &c. 

On motion of Mr. Hamlin, the following resolution was adopted : 

Resolved, That the thanks of the Board of Regents of tbe Smith- 
sonian Institution be tendered to tbe New York, Newfoundland, and 
London Telegraph Company, and to the Western Union Telegraph 
Company, for their grant of the free transmission of telegrams relative 
to astronomical discoveries. 

The Secretary stated that 3Ir. George Catlin, the Indian traveler and 
student of ethnology, who bad exhibited bis sketches of Indian life in 
the InstitutioD, died in December last, and as it was very desirable that 
his valuable ethnological collection should be preserxed, and, if possi- 
ble, secured by Congress, it -was proper that the Board of Regents 
should take some action in regard to the matter. 



• Tills bill IiaH since become a law. 
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Frofe68or Agassiz commended tbe collection as of great ethnological 
value, and expressed tbe opinion unhesitatingly tbat it ought to be 
parcbased by tbe Goveninient. 

Od motion of General Garfield, it was resolved tbat tbe Executive 
Conioiittee ascertain from the heirs of Mr. Catlin tbe terms ou which 
his Indian paintings, sketches, specimeDS, &c., can be procured, and 
furnish the information, with such recommendation as they think pro- 
l)er, to tbe Library Committee of Congress. 

General Garfield presented tbe subject of tbe proposed endowment of 
agricultural colleges in a bill which had passed tbe Senate aud was 
now before the House, and expressed the hope that some action could 
be taken to secure the benefit of tbe net to the Smithsonian Institution. 

Professor Agassiz remarked that there were other institutions in the 
coantry that were well worthy to share with this Institution any ben- 
efits which might be derived from the distribution of the proceeds of 
tbe sales of the public lands ; especially the Museum of Comparative 
Zoology in Cambridge. This museum now contains tbe largest c6llec- 
tion of specimens for the illustration of some departments of zoology of 
any in tbe world, and has been supported at an annual expense of from 
fifty to sixty thousand dollars, principally raised from donations of the 
friends of tbe establishment. Professor Agassiz also observed that he 
thought Professor Heury, in the distribution of specimens abroad, ought 
in all cases to ask for a return of an equivalent in kind. By not doing 
so be interfered with the growth of other establishments of a similar 
character in this conntry, and especially with the museum at Cam- 
bridge. 

In reply Professor Henry stated that the policy of the Institution 
from the beginning had been of a most liberal character; thatits motto 
was " co-operation, not monopoly;'* that it had endeavored to co-operate 
with all institutions in this eouutry and abroad; that the bequest was 
for tbe benefit of men, not for men of this country alone, but of every coun- 
try. Whenever 8pecimenshavel)eenwanted for scientific research, these 
specimens have been sent as far as the means of the Institution would 
■ allow, and in cases where specimens wore required for special investiga- 
tion in this conntry, tbe Institution has endeavored to procure them for 
the object required. It is true a return in kind baa not been asked for 
because the appropriation from Congress for the snpport of the museum 
has not been more than one-fourth of the actual cost, and the Institu- 
tion has not had the means to pay for transportation of the specimens 
and the care of those not immediately wanted for research. It has, 
however, in all cases distinctly announced, iu presenting specimens to 
foreign institutions, that suitable returns would be expected from tbe 
duplicates in their collections whenever tbe lustitution might desire to 
obtain them.* Tbe lustitution has in this way a large accumulation of 
credit abroad, and now tbat the Government has commenced to make 
"See Appendix "G" to tlie Journal «ftho BoatiL 
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more liberal provisioD for the support of the Katioual Museum, it uiay 
begin to ask for BpeeimeuB ia returii, and iu doing so ma; harmoniously 
co-operate with theMuseum of Comparative Zoology by procuring speci- 
meus for it, and in receiving l^m the latt«r others in retam. 

At the reqnest of the Board, Profeaaor Agaasiz then gave an 
oecount* of his late expedition fmrn Boston tliroagh the Straits of 
IdagetlautoSan Francisco, in the steamer Hassler, of the United States 
Coast Survey, after which the Board at^journed to meet at the call of 
the Secretary. 

Wedwesday, i*l*rtiat^ 13, 1873. 

A meeting of the Board of Regents was held this day, at 7 o'clock p. 
m. Present: Chief Justice Chase, Chancellor, Hon. H. Hamlin, Hon. 
L. Tnimbull, Bon. J. A- Qarfield, Hon. L. F. Poland, Hon. Peter Pai^er, 
Hon. H. D. Cooke, and the Secretary, Professor Henry. 

The Chancellor took the chair. 

The minntes of the last meeting were read and approved. 

Dr. Parker presented the following report of the committee relativeto 
the Corcoran Art Gallery : 

The committee to whom was referred the subject of inquiry into the 
oharacter and organization of the Corcoran Art Gallery,t and the plan 
(if any) to be adopted by the Smithsonian Institution in co-operating 
Tith that establishment and iu depositing articles with it, and report 
thereon, have to state : They learn that the Corcoran Art Gallery was 
incorporated by act of Congress on the 24th of May, 1870, [as appears 
from Statates at Large, Forty-first Congress, second Session, chapter 3, 
page 139,1 ^^ '^ ^ '^^ ^^7 connected with the District or territorial 
government of Washington. 

Yonr committee have conferred with Mr. W. W. Corcoran, and learn 
ttosn him his desire in relation to tbe art gallery bearing his name is to 
make it one of very high order of art, and, with some exceptions whicb 
be specified, he ia of the opinion the specimens of the Smithsonian will 
not come within the scope of bis design. The profier of the aid of the 
Smithsonian Institution, through its extensive foreign correspondents 
and agencies, in collecting valuable works of art from abroad, will be 
highly appreciated by Mr. Corcoran and the Directors of tbe Corcoran 
Art Gallery. 

PETER PARKER, 
W. T. SHERMAN, 

Committee. 

Februabt 13, 1873. 

On motion of Mr, Hamlin, tbe following resolution was ailopted : 
Besolved, That tbe report of the committee be accepted, and, in view 
of the facts stated, no further action iu the premises is re<]uired, except 

*S»e Appeudix "A" to Juorual of the Board. 
t See Appendix " C " to Joamal of tbe Boatd. 
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80 far as relates to co-operation of the Smitbsouian Institution iu obtain- 
ing for tbe Corcoran Art Gallery coutribntions from abroad wben le- 
qaested by tbe directors and at the expense of tbe corporation. 

Tlie Secretary auoouoced tbe dentb of Professor James H. Ooifin, wbo 
bad for many years been associnted with tbe InstitutioD in its meteor- 
ological work, and bad nearly flnisbeil a very elaborate paper on the 
winds of the globe, prepared from material furoished by tbe Institution, 
and to be published as a Smitbsooiau Contritnition to Knowledge. He 
spoke in tbe highest terms of the chiuficter of Profesaw Coffin as a scien- 
tific investigator, an able 'eacher, and exemplary Cbristian. 

Ou motion of Hon. Mr. Trumbull, tbe following resolutions were 
adopted: 

Reaolved, That the Board of Begeuts have beard with profound sor- 
row o( the death of Professor James H. Coffin, of Lafayette College, 
EastoD, Pennsylvania. 

Resolved, That iu the death of Professor Coffin tbe Smithsonian Insti- 
tution has lost a valuable collaborator who has assiduously labored in 
connection with it in the cause of science for more thui twenty years ^ 
the country has lost an efficient teacher, an honest, tratbful, and indns- 
trious man, and the world an original contdbator to the ecieoce of tbe 
day. 

Sesolved, That a copy of these resolutions be transmitted to the fam- 
ily of the deceased. 

The Secretuy stated that since the last meeting he had received a 
telegram £rom Dr. C. H. Peters, of Clinton, ^ew York, announcing the 
discovery of a new planet, aud that be had availed himself of the facili- 
ties offered by the Gable and Western Union Companies, tuid had sent a 
dispatch iu regard to tbe discovery to the Eoropean observatories. 

The Secretary informed the Board that Jambs Hamilton, of Carlisle, 
Pennsylvania, recently deceased, had left a legacy of one thoasand 
dollars to the Board of Begents of the Smithsonian Institotioo, the 
Interest to be "appropriated biennially, either iu money or a medal, for 
snch contribution, paper, or lecture on any scientific or nsefol subject as 
the secretaries may approve." Action on this subject was postponed 
until more definite information had been received.* 

The Secretory stated that an amendment bad been offered in the 
Honse of Representatives, but not at the instance of the Institution, 
to Senate bill 693, " to provide for the Airthcr endowment and support 
of colleges for the benefit of agriculture, &c, Ac," as follows: 

"And it is further provided, that tbe share allotted to the said District 
of Columbia shall be appropriated to tbe Smithsonian Institution, to 
be expended under the direction of the Board of Begents of said Insti- 
tution, for the support of the National Mnsenm, and in distributing 
specimens and publications to tbe colleges named in this act and to 
other institutions." 

'See Will ioAppeodix "Y" tnJournalof Boanl. 
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By tbis bill tlie Secretary of the Treasury is to invest annually one- 
fourth of the net amount of sales of the public lands for each year, in 
United States bonds, bearing five per cent, interest, and is to give to each 
State and to the Distrietof Columbia an equal share of this interest, pro- 
vided that the appropriiitiou lor any one abare shall nut esceed in a 
sinffle year the sum of $50,000. 

The opinion was expressed by the Kejiceuts that the bill might pass, 
although it was believed that the income to be derived from the sales of 
the public lands would bo inconsiderable for many years.* 

The Secretary stated that the plan of the Smithsonian Institution for 
increasing knowledge had met with such favor, that other persons, iu 
imitation of James Smithson, bad established foundations to advance 
science, and gave an account of the bequest of the late Professor Alex- 
ander Dallas Baohe ; the fonndation for lectures by Dr. J. M. Toner, 
of Washington, and the gift of Professor Tyndall of the proceeds of bis 
recent lectures in tbis country. 

In each of these cases, Professor Henry had been made the chairman 
of the boards of trustees appointed tocarry out the wishes of the donors. 

On motion of General Garfield, it was 

Resolved, That a full account of the Bache, Toner, and Tyndall sci- 
entific foundations, or trusts, be published in the annnal report of tbis 
Institution, together with a letter from Professor Tyndall to Professor 
Henry.t 

The Secretary stated that be had transmitted to Congress the annual 
report of Professor J. W. Powell, relative to his geological and trigono- 
metrical survey of the Colorado of the West and its tributaries. 

The Secretary presented his annual report for the year 1872, which 
WHS read in part, when, on motion of Dr. Parker, it was 

Resolved, That the further reading of the report of Professor Henry be 
dispensed with, and that it be submitted by the Secretary to Congress. 

On motion, the Board then adjourned iine die. 

* This bill did uot paea the Houxe of RepreaeatativcB. 

tSee Appendix " B," "D," "E" to theProccediugsof the Board. 
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PEOFESSOE AGASSIZ'B NAEEATIVE. 

'• I was invited by Professor Peirce to take passage in tbe Haasler, 
■wbiie sbe was going to tbe field of lierduty on tbecoast of California, as 
snrveying vessel, provided tbat my expenses were borne by other par- 
ties so tbat tbe Coast Survey sbould not be put to any additional outlay, 
lu consideration of tbis proposition, my friends in Boston liberally sub- ' 
scribed $20,000 to enable me to make a» thorougb a series of investiga- 
tions of animal life and otber physical objects as possible, and a little 
more than this sum was expended. 

"We left Boston on the 4th of December, 1871. Our first observations 
of much interest were upon the Gulf weed, with its well-marked varieties 
distinguished by diflereuces of stem and leaves. We made large col- 
lections of the hydroid communities iuhiibiting the sargossum, and 
also of the small fishes, Crustacea and other animals finding shelter 
witbiit its branches. I saw no reason to snppose that the sargossum 
originates as a fioating-plant. On tbe contrary, all tbe masses we found, 
however large, bore marks of having been torn from some attachment. 
I have already given an account of the nest of the cbironectes built of 
gnlf weed, and picked up by us. 

"Our first port was Saint Thomas, where we anchored on the 15th 
of December. Here we made very large collections both of marine and 
land animals, fish, corals, sea-urchins, star-fishes, and opbiurans, Crus- 
tacea, shells, lizards, snakes, toads, and frogs, insects and birds. We 
shipped from Saint Thomas alone eleven barrels and boxes of speci- 
mens. Barbadoes was our next collecting-ground. There we made our 
first cast of tbe dredge and with remarkable success. The collections 
forwarded from this port were not so large, but were perhiipa more in- 
teresting than those of Saint Thomas, The fauqa apon tbe shoals off 
the Island of Barbadoes strangely resembles tbat of a past geological 
time. The comatulte, pedunculated crinoids, plenrotomarite, sipho- 
niee, and cnemidia found upon these shoals recall forms which belonged 
especially to the Mezozoic ages. This dredging waa also rich in corals, 
sea-nrcbins, starfish, and opbiurans, and in a great variety of beautiful 
and rare shells. In some notes banded to me by Connt Pourtalds, besaysof 
this same dredging,IJecember 29th and 3(H;hofi'Barbadoes, about six miles 
north of Bridgetown, numerous casts of the dredge were taken in depths 
varying from 17 to 120 fathoms with very rich returns in mollusca, crusta- 
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cea, ecbinodenus, polyps, and s[)Ongt^s ; man j^of tbem were uew to science, 
others either very rare or of mncti interest on accountoftbeir geograph- 
ical distribution. Flenrotomaria is an example of the former ; asthen- 
osoma, ceraiophozus, rbizocrinus, and other echinoderms, of the latter. 
Deep sea-corals were obtained iu considerable quantity, but none appear 
to be identical with those of tbe North Atlantic ; they also seem to difl'cr' 
more from those of Florida than would have been expected. 

•' Between Barbadoes and Brazil we had little opportunity for observa- 
tion, except upon the motions of tbe flying-flsh, the habits and appear- 
ance of tbe physalia, &c. But we bad an iDterestiog dredging about a 
day's sail south of Pernambuco in 500 fathoms, from which we obtained, 
besides other specimens, a living shell, closely allied to tbe Fecten para- 
doxus, as described by Goldfnss. Another cast, about 40 miles east of 
Cape Frio, in 45 fathoms, gave us a new crustacean, singularly like tbe 
ancient trilobites. With reference to temperature off the coast of 
Brazil, Count Fonrtal^' notes give the following details : ' Off Maceio, 
Brazil, January 17, in latitude 9° 45' 9., longitude 35^ C west, the surface- 
temperature was 80O.5. At 100 fathoms ic was 67^ ; at 485 fathoms, 
44° 5; at ^56 fathoms, (a few miles farther west,) 42^.5; in latitude 
no 49* south, longitude 37o IC west, surface, 803.3 ; at 613 fathoms, 39». 
A number of dredgings were taken on the same parallel, but nearer 
shore, with moderate success.' He adds that subsequent casts of the 
dredge were taken at various points along tbe east coast of South 
America, and in tbe Strait of Magellan, but almost always in depths 
less than 50 fathoms where temperature presented no particular interest. 

"A delay of three weeks at Rio de Janeiro interrupted our work at 
sea, but I made use of it to collect largely in tbe market of Rio de 
Janeiro and in the neighboring rivers and brooks. Tbe most valuable 
contribution to science made there, however, consisted in prepai'ations 
of large numbers of ffsh-brains, both marine and fresh-water. 

"Our next port was Montevideo. Here, however, the quarantine pre- 
vented OS from entering the city, but 1 had an opportunity of studying 
glacial phenomena on a hill in tbe harbor, where I was allowed to land 
and where I found erratic material of an unquestionably glacial char- 
acter, and other evidences of glacial action. Indeed, the most striking 
fact of all is that the hill itself is a true 'rochemontonu(!'e.' On leaving 
Bio de la Plate, February 22, we dropped the dredge in some seven 
fathoms, and it came up laden with valuable specioiens. Among other 
things this cast gave us a large voluta and theeggof avoluta, (of which 
wefouud many afterward belonging to different kinds of votutas,) many 
olivas, semlas, renillas, cmstaceans and echinoderms. It is not worth 
while to reconl all our dredgings; tbey were frequent, sometimes very 
remunerative, and sometimes not at all so. One drMlging, of especial 
valae for its rare mollusks and echinoderms, was taken off the mouth 
of the Rio Negro. 

"The next point of great interest was the gulf of San Matbias, at the 
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head of which ia the so called Port 9au Antonio. In this region our 
collections were very large and various. Among our treasures was a 
very interesting collection of tertiary fossils in this bay. The clifls 
were largely composed of them. My original programme had included 
a reconuoissance of the rivers Negro and Santa Cruz, and a visit to 
the Falkland Islands, where I was especially anxious to have a look at 
the so-called " rivers of stone," believing, as I do, that they are of 
glacial origin. But the circumstances of the vepsel and the lateness of 
the season made it important to hurry on, and I reluctantly rehit- 
qnished this part of my scheme. We touched, therefore, at no other 
point between the gulf of San Mathiss aad the strait of Magellan, 
though we paused for a cast of the dredge off the gulf of St. Georges, 
and were rewarded by some superb star-hshee of immense size, (astru- 
phyton or basket- dsh,} besides other valuable specimens. 

" We rounded Cape Virgins on the 13tb of March, and made our first 
anchorage at Possession Bay. My published reports have already given 
some account of our work in this region. The most important results 
obtained iu this locality were Count Ponrtales' discovery that Mount 
Aymoo is an extinct volcano, with a very perfect crater, and forming 
the nucleus, as it were, of a cluster of smaller volcanoes; beside some less 
striking geological observations of my own. Ia the strait of Klagellan, 
and in Smythe's Channel, we passed three weeks, anchoring every nights 
The zoological results throughout this region were very satisfactory. 
We made large collections ; chiefly marine, of coarse. But the glacial 
phenomena here interested me more deeply than the fauna. From the 
character of the drift, and the constant presence of erratic materials, 
evidently qnite foreign to the soil, and recurring along the Fatagonian 
coast througboat the strait of Magellan, and, as I afterward found, 
high up on the Chilian coast j from the glacier- worn surfaces on the 
two sides of the strait, as compared with each other, and on the walls 
of Smytfae's Channel, I satisfied myself that there has been a move- 
ment of ice from south northward, preceding all local glacial phenom- 
ena, the latter being indeed only the remnant of the former. 

"Leaving Smythe's Channel we kept along the coast to the southern 
end of Ohiloe Island, making a run up the gulf of Corcovado in the 
hope of passing through the archipelago of Chiloe. As we had no 
charts, however, the captain feared to attempt the inside passage, and 
after making some collections in Port San Pedro we returned to the 
open sea, and reached Sod Carlos de Ancud, at the northern end of the 
island, on the 8th of March. Here I found again the erratic of the >- ' 
straits and of the Fatagonian coast resting upon the breccia of Ancud, 
showing the chronological relatiou of tbe volcanic formations of this 
region to the glacial phenomena. From San Carlos we proceeded with 
no pause (except at Lota for coal) to the bay of Coucepcion. Here we 
remained a fortnight, and at no point did 1 make more full and valuable 
collections. From Coucepcion Bay the Hassler went to Juan Fernandez, 
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l)ut aa I wished to see sometbing of the geology between the coast and 
tbe Andes, I proceeded by )atid to Santiago. My observations here con- 
firmed my previous impressiona as to the glacial phenomena. There is 
very little evidence of local action proceeding from the Andes, bat the 
whole Chilian valley lying between the coast-rauge and the Andes 
proper baa been modeled in a sonth-northerly direction by ice. The 
VEilley is, in short, a glacier bottom. 

"At Valparaiso we joined the vessel again, andl add some notes from 
Count Ponrtal^s concerning temperatures based npon soundings, &c., 
taken on their voyage to and from Juan Fernandez: 'In the Pacific 
Ocean soundings were taken between Talcabuana, Chili, and Juan Fer- 
nandez. Tbe hundred-fathoms line was found to be about 35 mites ofif 
shore. At a distance of 52 miles tbe depth was 1,006 fathoms. In lati- 
tude 35'^ SC south and longitude 75° 11' west the depth was 2,410 fath- 
oms, temperature 35°. Mud and fragments of a delicate sponge were 
obtained by the lead; but tho dredge-line having been damaged by 
dampness, parted when hauling up. About two miles north of Jnan 
Fernandez, surface temperature Cl'^; at 377 fathoms, il'^.H; at C56 
fathoms, bottom temperature 61'^. The dredge brought up only a few 
small stones. About three miles off the northwest corner of the same 
island the depth was 1,144 fathoms, bottom temperature 36°. The 
dredge brought up nodules of clay, pebbles, worm-tubes, and a small 
isis. About 25 miles north of the island a depth of 2,21<( fathoms was 
found, with a bottom temperature of 36^; bottom of reddish mud. Tbe 
dredge was lost again, with a large quantity of lino. On tbe way from 
Juan Fernandez to Valparaiso a casp of tbe lend was taken in latitude 
33° 33' south, loDgitode 77° 2' west ; depth, 1,585 fathoms, bottom tem- 
perature 36°; fine white globigerina mud. The hauling up of tbe line 
took more than six hours, on account of the constant precautions needed 
to prevent it from parting. Fnrtber attempts were thereafter given 
np.' . 

"From Valparaiso we proceededup the coast, touching at all the prin- 
cipal ]>oint8, and collecting everywhere. One of our richest collecting- 
grounds was Parraca Bay, where the fanna was of astonishing richness 
and variety. The geology was also exceedingly interesting, and I was 
indebted to Lieutenant Murray Day for a very detailed map of the drift- 
formation in that region. 

" From Pay ta we struck off to the Oalapagos, where we arrived on the 
lOtb of June, and remained till tbe 19th, touching at Charles Island, Albe- 
marle, Saint James, Jarvis. and Indei'atigable Islands. The zoology of 
these islands is intensely interesting, not only from the i>eculiar character 
of the fauna, but also from tbe physical conditions in which it occurs, all 
these islands being of such recent volcanic formation as to preclude tbe 
idea of a migration of animals from tbe moinland, and tbeir subsequent 
adaptation to new circumstances. One collections in the Oalapagos 
were exceptionally large. Iguanas, both marine and terrestrial, (the 
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two Species of ambljTbynchu8, firHt made known by Darwin,} lizards, 
birds, seals, turtles, besides a great variety of fishes, crnstacea, mol- 
Insks, aud radiates. 

" Fi'om the Galapagos we proceeded to Panama, wliere we arrived on 
the liSth of June. We were detained here for three weeks, bnt they 
were very profitable weeks for the collections. The loss of the greater 
part of our dredging-apparatus between Juan Fernandez and Valparaiso 
had indeed made dredging in deep waters impossible, but we were the 
more industrious In collecting to shoal waters along shore and on land. 
Onr next port was Acapulco, where we arrived on the 4th of August, 
and remained for some days. There, also, we were successful in col- 
lecting, and not less so in Magdalena Bay, where we passed two days 
in drawing the seine. We made no pause between Magdalena Bay and 
San Diego, where we arrived on the 18th of August. In the Bay of San 
Diego we added very considerably to our collections. Here, and in- 
deed all along the coast from Valparaiso northward, we found many 
specimens of cetaceans and selachians. We gathered a large number 
of cestracions alone. 

" Leaving San Diego on the 2Sth of August, we reached San Francisco 
on the Slst. Here our voyage ended, but I remained in San Francisco 
for some weeks for th e sake of completing collections formerly made for 
me in this region. Both there, and in Sacramento, with the aid of 
friends, I succeeded completely in my object. 

"Itwouldbeimpossibleformenow to give you more than a very vRgue 
and imperfect idea of the extent and value of the collections derived from 
this voyage. Indeed, I do not fully know it as yet myself, the unpack- 
ing being but just begun. The number of barrels aud cases, however, 
forwarded to Cambridge during the ten months of our absence was 
265 — almost a barrel a day. It would have been simply impossible (or 
me to collect on this scale, but for the cordial assistance I received from 
the captain aud officers of our ship, and, under their direction, from the 
men, who were always cheerfully ready for the work of the seine and 
dredge. I was' also greatly indebted to Dr. Hill aud Dr. White, the 
physicists of the expedition, who, whenever not engaged in their own 
dnties, were ready to aid me in every way. I should not forget to men- 
tion that Dr. Hill made, also, a most valuable and admirably preserved 
collection of marine plants, gathered at every anchorage" where time was 
allowed for landing. As to the special work of the chemical aud phys- 
ical departments, under the charge of Dr. Bill, ex-president of Harvard, 
and Dr. White, of Philadelphia, I can give you httle iulbrmatiou. Tou 
could, no doubt, learn all details respecting this part of the work by 
application to these gentlemen, or to the Superintendent of the Coast 
Survey. 

" 31y own special party for zoological work consisted of Count Pourtal^s^ 
Dr. Steindachuer, and Mr. Blake. Count Pourlal6s, while sharing in all 
"the general work of the expedition, had special charge of the dredging 
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Operations. Dr. Steiodacliuer, altliong)i an admirable collector in all 
departments, was especially engaged in the care of tbe iclitbyological 
collections. His great knowledge aud untiring industry made bis 
assistance invalaablu. Indeed, without him I could not bave carried oat 
the comprehensive scheme for collecting which I bad laid out. Mr. 
Blake hail special charge of the mollnsks, and bis time was chiefly em- 
ployed in the drawing of perishable specimens. As I cannot give you 
an accurate summary of the zoological collections, I wiU give you a 
slight sketch of my general scheme, alluded to above, that you may 
underataud their significance as a whole. 

" I bave endeavored, in the flrst place, to collect as many specimens of 
the same species as possible, in every stage of growth and every con- 
dition of development, in order to ascertain the range of variation in 
each species. My second object was to learn (be boundaries of the dif- 
ferent faunae, especially along the Pacific coast from tbe strait of 
Magellan to Giillfornia. In this I bare included, wherever it was pos- 
sible, the fishes from the rivers on the western slope of the continent, 
for comparison with those on the eastern ; but this part of my plan was 
difficult of esecutiou, because I had not tbe means of collecting in land. 

" During our whole journey I was careful to make, or to have made, 
large numbers of anatomical preparations of such parts of marine ani- 
mals as can rarely be well studied from alcoholic specimeus. The most 
valuable of these preparations are those of fish brains. 

'^I need hardly add that we owed tbe great opportauity forscientiflc 
investigation afforded by the voyage of tbe Hassler to tbe liberal policy 
of the Superintendent of the Coast Survey, who is ever ready to com- 
bine tbe larger interests of scieuce with tbe special work of tbe survey, 
when it con be done without detriment to the tatter. I should add, 
however, that the means for making the zoological collections were con- 
tributed by gentlemen of Boston, who raised nearly $20,000 for tbe pur- 
chase of alcohol, jars, and other apparatus for collecting on a large scale, 
aud for cbarges of freight in forwarding the specimeus from foreign 
ports. The latter cbarges were, however, comparatively small, owing 
to tbe liberality of both railroad and steamship companies, of tbe com- 
manders of our naval forces in varioas ports, to whom I bad special 
recommendations from tbe Secretary of tbe Navy, and of the captains of 
vessels employed upon whaling voyages or in private mercantile enter- 
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BACHE FUND. 

Extracts from ihe uiU of Alexander Dallat Bache. Dated March 18, 1862. 

Item. Ab to all the rest and residue of my estate, incladini: the snin 
of five thousand dollars placed at the disposal of m; wife, in case she 
should not desire to make any dispositioD of the same; I direct my ex- 
ecutors, hereinafter named, to apply the income thereof, afler the death 
of my wife, according to and nnder tbe directions of Joseph Henry, of 
Washington, Louis Agaseiz and Benjamin Peirce, of Harvard College, 
Uassacbusetts, to the prosecution of researches in physical and nataral 
science, hy assisting experimentalists and observers in such manner and 
in sDch sums as shall be agreed upon by tbe three above-named gen- 
tlemen, or any two of them, whom I constitute a board of direction for 
the application of the income of my residuary estate, for the above ob- 
jects, after the death of my said wIDb, The class of sutyects to be se- 
lected by this board, and the results of such observations and experi- 
ments, to be published at the expense of my trust estate, under their 
directions, out of tbe income thereof, but without encroaching on the 
principaL 

Id case of the death or inability to act of all w any <^ tbe three gen- 
tlemen I have named, in my wife's lifetime, my will is tliat she shall 
supply their places in the board of direction by an instmnient of writ* 
ing, either testamentary or otherwise, desiring that in tbe selection of 
the persons to administer the income of the trust funds hereby created, 
she will have regard to the selection of persons whose attention has been 
directed to tbe same branches of science as those 1 have named, and so 
tbat each of tbe departments of physics, mathematics, and natural his- 
tory shall be represented in tbe board. In case of any vacancy occnr- 
ring in tbe board of direction after its organization, and after the death 
of my wife, by reason of the death, Inability, or refusal to act, or resig- 
nation of any of the members, my will is that the surviving or remain- 
ing member or members for the time being shall have power to fill va- 
caudes so oceomng in the board by the selection of other person or 
perswis to fill sneb vacancies, and so on, ftom time to time, as vacancies 
shall occur. 

My intention being that the board of direction shall have power to 
continue its existence, and to filling all racancies occurring in their 
body from time to time. 

I direct that a minute of their proceedings be kept, and tbat the ap- 
pointment of any member by the board shall be notified in writing to 
the tmsteee for the time being of my residuary estate. 

In tbe event of any failure of tbe board for the time being to direct 
the application of tbe income of my said residuary estate, or to continne 
its existence by filling vacancies occurring in tbeir body, my will is that 
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tbe Application of tbe iucome thereof, for the purposes and objects de- 
clared in this clause of raj* will shall be made by tbe trustees, under the 
dircvtioDof tbe American Philosophical Society, of Philadelphia. 

Extract from the codicil to the wiH of Alexander Dallas Buche, dated Julg 
15, 1863. 

Item. My will is that upon tbe death of my wife all the rest and resi- 
dne of my estate shall be paid over to and rest in the corporation of 
>< The Satioual Academy of Scieuces," incorporated by act of Congress 
pa.ssed the third day of Mnrch, A. D. 1863, whom I hereby ai>point 
trnstees in tbe place of my said esecntors, under the fourth clause of 
my said will, to apply the income according to tbe directions in the 
siiid clause contained, to the prosecution of researches in physical and 
natural science by assisting experimentalists and obsen'ers in sucb 
manner and in such Bams as shall b& agreed upon by tbe board of di- 
rection in tbe said clause named. 

My will farther is that in case of any failure of the board for the time 
being to direct tbe application of tbe income of my residuary estate, or 
to continue its esistence by filling vacancies occurring in their body, 
the application of the income thereof for the purposes and objects de- 
clared in the said clause shall be made nnder the directions of the Na- 
tional Academy of Sciences, instead of the American Philosophical So- 
ciety, of Philadelphia. In all other respects the said application of tbe 
income to the purposes atbresaid to be made by the same persons, and 
nnder the same rules as 1 have prescribed in tbe said clanse of my will. 



CORCORAN ART GALLERY. 
Letter from Mr, Corcoran to the Trustees. 

Washington, May lo, 1869. 

Gentlemen ; It is known to yon that tbe bnilding at the northeast 
comer of Pennsylvania Avenue and Seventeenth street was designed by 
uie for the encouragement of tbe fine arts, as is indicated by the dedi- 
cation upon its front. 

The work was begun in the year 1859, and was prosecuted with the 
heartiness naturally incident to such an undertaking, nntil it was inter- 
rupted by tbe breaking ont of tbe late civil war, when tbe pablic exi- 
gencies led to the immediate occupation of the building for military 
purposes ; and to these uses it has been devoted ever since, until, being 
no longer required by tbe War Department, it is about to bo restorer! to 
my possession. 

It was my cherished hope to have placed the proposed establiabmcntf 
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coiDitlete in all its appointmeiits, io successful operatiou before divesting 
myself of the title by any formal instrument, but tbe years which have 
thns passed away, and tbe accumulation of other cares and duties, warn 
me no longer to indulge tbe pleasing anticipation. 

I have, therefore, not doubting your general interest in the subject, 
taken the liberty of executing to you, as trustees, a deed, which I here- 
witU deliver, sufBciently defining the trusts which 1 ask yon to accept. 

In addition to the title to the property itself, you will observe that 
tbe instrnment vesta in you, for the pur|>oses of tbe trust, tbe right to 
receive the reota, wholly unpaid, for the period during which it has 
be«n occupied by the Government, now nearly eight years, which will 
doabtless be adjusted with you, in the absence of any special agreement, 
upon fair and, perhaps, liberal terms. 

As soon as the interior of tbe building shall have been completed ac- 
cording to the original plans, (which will be placed at your disposal,) 
for which the rents in arrears will more than suffice, I shall ask you to 
receive as a nucleus my own gallery of art, which has been collected at 
no inconsiderable )>ains, and I have assurances from friends in other 
cities, whose tastes and liberality have taken this direction, that they 
will contribute fine works of art from their respective collections. 

I may add, that it is my intention to provide further endowment of 
tbe institution in such maooer and to such extent as may consist with 
other objects which claim my attention ; and I venture to hope that, 
with your kind co-operation and judicious managemeDt, we shall have 
provided, at no distant day, not only a pure and refined pleasure for res- 
idents and visitors at the national metropolis, bat have accomplished 
something useful in the development of American genius. 

I am, gentlemen, with great respect and regard, your obedient ser- 
vant, 

W. W. CORCOEAN. 
To James M, Oaelisle, James C. Hall, Geoege W. Kiggs, An- 
thony Hyde, James G. Beeeet, James C. Kennedy, Henby D. 

Cooke, James 0. McGuibe, Wili.iam T. Waltees. 



ifepljr o/the Tmatees. 

Washington, Maif 10, 18G9, 
Deae SlE : We have accepted the trusts confided to us by your deed 

of this date, in the formal manner indicated by the deed itself. 
But wo desire, individually and collectively, ta add the expression of 

onr personal appreciation of the privilege of endeavoring efficiently to 

administer such an institution, projected spontaneously by your liberal 

mind and securely founded by your sole munificence. 
While we cannot doubt that, at least in the time of our successors, alt 

your anticipations will be realized, we sincerely hope that you may 
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yourself live to eqjoy tbe bigb and pure gratification of witnessiug the 
complete success of yonr generoas iutentions. 

WitU sreat respect and warm regard, we remain, vei? traly, yoni's, 

J. M. Gablisle. 

J. C. Haix. 

Geo. W. fiiGOS. 

A. Hyde. 

JAHES O. BBRBET.* 
JAHE8 C. KBPTNEDT.t 

Henet D. Cooke. 
J. C. McGuiKE. 
W. T. Wai-tbes. 
William W. Coecoeamj Esq. 



Deed of t^ a»4 inut «■/ tA« Cwcoran Art Qallerg. 

Tbis indenture, made tbis tenth day of May, in the year of our Lora 
eighteen hnndred and sixty-nine, by and between William W. Corcoran, 
of tbe city of Washington, District of Columbia, of the first part, aud 
James M. Carlisle, James C. Hall, George W- Biggs, Anthony Hyde, 
James G. Beiret, James G. Kennedy, Henry I>. Coohe, and James C. Mc- 
Guire, of the city of Washington, and William T. Walters, of tbe city 
of Baltimore, State of Maryland, of the second part, wituesseth : 

Whereas tbe said Williatn W. Corcoran, in tbe execution of a long- 
cherished desire to establish an institatioo in Washington Oity to be 
" dedicated to art," and nsed solely for the purpose of encouraging 
American genius, in the prodnctlon and preservation of works pertain- 
ing to tbe " fine arts," and kindred objects, has determined to convey to 
a lioard of trustees the property hereinafter described, to which he may 
hereafter make other gifts and donations, to be held by said board, aud 
nsed for the purposes aforesaid : Now, therefore, the said Williatn W. 
Corcoran, io consideration of the premises, and of the sum of $1, 
current money of the United States, to him iu hand paid by the said 
parties of tbe second part, the receipt whereof is hereby acknowledged, 
hath granted, bargained, aud sold, aliened, enfoefifed, and conveyed, 
aud by these presents doth grant, bargain, and sell, alien, enfeoff, and 
convey nnto tbe said parties of the second part, and the survivors of 
them, and the heirs aud assignees of Huch survivor — 

Lots numbered 5, (five,) 6, (six,) 7, (seven,) and 8, (eight,) iu square 
numbered 167, (one hundred and sixty-seven,) in the city of Washington, 
and District of Columbia, as the same is laid down and distinguished 
upon the public plat of said city, fronting 196 feet 9 inches, more or less, 
on President's Square, and 160.17 feet, more or less, on Seventeenth 
Street west, together with, all and singular, tlie buildings, improvements, 

*H. C. MattUenn bos bten elected a tnistee vice J. G. Berret. 

1 Pml'. Jusppii Hi'1117 liiiH lie.li elpctml n truateo vice J. C. Keanedy. 
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hereditaments, and appnTteoances thereto appertaining, or in any wise 
belonging, and all the estate, right, title, and interest of tbo said party 
of the first part in and to the same: 

To have and to hold, all and Bingalar, the lots and parcels of gronnd, 
and premises aforesaid, with the appurtenances, onto and to the use of 
them, the said parties of the second part, and the survivors and snr- 
Tivor of them, and the heirs and assigns of such survivor, in trast, 
nevertheless, and to and for the intents and parposes hereinafter ex- 
pressed and described, that is to say : 

First. That the said parties of the second part shall, withoat unnec- 
essary delay, after their acceptance of this trust, to be signified by their 
signing and sealing the memorandum to that effect hereunder written, 
organize themselves into a permanent board of trustees, with such 
officers to be selected from their own namber as to them may seem nec- 
essary or convenient f9r the orderly management of this trust, and the 
more efficient attainment of the ends and objects designed by the said 
party of the first part, as iudicated by his general intent, to be gathered 
from this instrument in all its parts and provisions,' and with the same in- 
tent and for the same ends and objects, shall make, and as often as may be 
necessary from time to time, make, alter, amend, repeal, and re-eoact, 
in whole or in part, all necessary by-laws, rules, and regulations in the 
premises, in execution of, and not inconsistent with the provisions and 
tnie intent of this instmrnent ; in all which they shall act by tihe con- 
currence of a majority of the whole number of trusteea 

Secondly. That when the number of the said original board of trus- 
tees, being the said parties of the second part, shall, by death, resigna- 
tion, or inability, to be ascertained by a resolution of the said board 
acting by a minority of the whole number, shall have been reduced 
below the number of nine members, the remaining members shall elect 
saitable persons, in their discretion, from time to time, as often as may 
be necessary, so that the board shall always be composed of nine mem-, 
bers. 

Thirdly. That all the property, real, personal, and mised, rights, 
credits, oboses in action, or other valuable thing whatsoever hereby 
conveyed or intended to be conveyed, or which may hereafter be con- 
veyed, given, or transferred and assigned and delivered to the said 
btrard of trustees, whether composed of the said parties of the second 
part or of their successors, chosen and elected as hereinbefore provided, 
whether in whole or in p«t, shall be held, managed, limited, used, and 
devoted to executing the trusts, and giving effect, according to the best 
judgment of the said botml of tinstees, from time to time ; and all legal 
rights and titles in the premises shall be taken and held in such manner, 
and with such legal forms, as shall serve the tnists, intents, uses, and 
purposes declared or plainly indicated or implied in and by the terms of 
this instrument. 

Fourthly. The property as received and held, or which may be received 
and held by the said board of trustees, shall be held, used, managed, 
7s 
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and disposed of by tbem and their enccessore and assigns, wbetfaer 
under this instrainent altue or under any act of iocorporatioD berea(l«r 
to be procured, for the perpetual establishment and maiatenance of a 
public gallery and mnseum for the promotion and enconragemeut of the 
arts of painting and scnlptnre, and tbe fine arts generally, upon snch 
system and with sncb regolatione and limitations as the board of tmstees 
may, from time to time, wbetfaer corporate or incorporate, prescribe, 
limit, and ordain : Provide always, Tbat the gallery and museaRi shall 
be open to visitors, without any pecaniary charge whatever, at least two 
days in each week, for sncb convenient and customary hoars as shall be, 
from time to time, prescribed and made public, and at snch other times, 
not being snch public days as aforesaid, sncb moderate and reasonable 
fees for admission may be prescribed and received, to be applied to the 
current ex [tenses of preserving and keeping in proper order the building 
and its contents. 

Fifthly. While tbe officers necessary or appropriate to the organization 
of the board of trustees shall be elected from their own number, it is 
understood that the board shall and may, at its discretion, at all times, 
employ other persons to be tbe officers,. agents, and servants of the 
board, for the orderly and efficient management and conduct of the 
institution. 

Sixthly. Tbe system and the appropriate measures for increasing tbe 
collection of paintings, statues, and kindred works of art, of which the 
private gallery of the party of tbe flrat part will form the nucleus, and 
such other voluntary donations as the trastees may from time to time 
receive, are confided to the direction and judgment of the trustees, as 
is also the management generally of tbe institution. 

Seventhly. The general intent of the said party of the first part be- 
ing expressed in general terms in the premises and recitals of this in- 
strument, and farther indicated, with certain specifications, in tke afore- 
going articles, numbered from one to six, inoluBive, it is hereby declared 
that, ail and singnlar, the gifts, grants, conveyances, and assignments 
herein expressed and set forth are, to and for tbe tmata, intents, and 
purposes so as aforeaaid expressed, implied, set forth, or indicated, 
and to uone other whatsoever; and that, while it is the intentioD 
of the grantor and donor herein that no unruly, technical, or 
formal breach of, or departure {mm, the terms and conditions of tbis 
trust shall operate as any forfeiture or defeasance in &vor of bis heirs, 
or of any claiming in bis right, it is hereby declared, and thesepreaents 
are apoa tbe express and strict condition, that these presents, and 
every matter and thing hereinbefore contained, and every estate, 
right, title, interest, and power thereby given, granted, conveyed, 
and limited, shall cease and determine, and become utteriy void and of 
no efifectjWhensoever it shall be decreed, adjudged, or declared, by the 
bigbeat judicial authority having jorisdiction, upon a proper proceed- 
ing, in law or in equity, to bo instituted by the beir8,devisees, or assigns, 
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of the said party of the first part, that the real estate hereiubefore con- 
veyed shall have been diverted from the purposes of this trust, to be 
gathered from this instrument in all its parts and prorieions, so as 
substantially to defeat or plainly to be inconsistent with and repngnaut 
to this trust, constraed and interpreted in a lil>eral and sensible spirit ; 
and thereapoD, as in case of a breach of a strict condition-snbscqnent, 
the heirs, devisees, assigns, or other proper legal representatives iu the 
premises of the said William W. Corcoran, shall be entitled to re-enter 
upon the said real estate as of his, the said WiDim W. Corcorau's, right 
and title prior to the execatiou of these presents, and as if the same 
had never been esecated; and in like manner all and every other estate, 
property, chattel, or valuable thing, the title to which shall have pro- 
ceeded in the premises from the said William W. Corcoran to the said 
trustees or their successors and assigns, shall, as far as may be consist- 
ent with the rules and principles of law and equity, revert and be re- 
vested in right of the said Corcoran or his proper legal representatives 
therein. 

£ighthly. That the said board of trustees may at any time hereafter, 
in its discretion, apply for and accept an act of Congress incorporadug 
them and their successors, so as to facilitate the execution of tbis trust, 
by vesting the same in a perpetual body-corporate, with the like pow- 
ers and for the same trusts, intents, and purposes herein declared, ex- 
pressed, or indicated, but for no other trusts, intents, or purposes what- 
soever; such act of incorporation to refer tothis deed, and to be expressed 
to be iu execution of the tmsts thereof ; and thereupon the said parties 
of the second part, and the survivors and survivor of them, or the heirs 
and assigns of such survivor, shall execute such convejrances as may be 
necessary to transfer the whole property of this trust to such corpora- 
tion, upon the tmsts of this deed. 

And whereas the lots of ground and improvements hereinbefore de- 
scribed and referred to have, by reason of the exigencies of the public 
service of the United States, been rented and occupied for tha public ' 
use, without any special contract, but subject to the constitutional pro- 
vision that "private property shall not be taken for public use without 
just compensation," which just compensation for the whole period of 
such occupation by the United States now remains to be paid ; and 
considering the same properly to belong to this trust, as bpiug of the 
rents, issues, aod profits of the ground and buildings which he had here- 
tofore, and as early as the year 1809, devoted and dedicated to thetrusts 
and purposes hereinbefore formally declared : Now, therefore, in consid- 
eration of the premises, and of the sum of $1 by the said parties of 
the second part to him in hand paid, he, the said party of the flrst part, 
bath assigned, transferred, and setover,and by thesepresentedothassign, 
transfer, and set over unto the said parties of tbe second part and the sur- 
vivors and survivor of them, and the executors, administrators, and 
assigns of such survivor, all and singular the rents, issues, and profits 
of the lots of ground and improvements bereiubefore described, for and 
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during the whole period of the occnpation and possession of the same 
by the Government of the United States, and all the )nst compensation 
-whicli may be due from the United States for the public use of the same, 
hereby antliorizing and empowering tlie said parties of the second part, 
or a majority of them, either by themselves or by any substituted 
attorney or attorneys, to l>e named and appointed by them, or a majority 
of them, to acquit and release and receipt for ihe same iu any sufficient 
legal form of acquittance which may be according to law, as fully as he, 
the said party of the first part, could personally release and acquit the 
same. 

Which rents, issues, and profits, and Just compensation for the public 
use of the said property shall he received and held by the said parties 
of the second part for the same uses, intents, and purposes hereinbefore 
declared ; but shall, as far as may be necessary, be applied, before all 
other objects, to the completion of the interior of said building, and to 
putting it in a condition to be immediately applied to the primary in- 
tents, and purposes of this trust, as expressed in the recital in the 
premises of this deed. 

In testimony whereof the said party of the first part hath hereunto set 
his hand and afBxed his seal, the day and year first hereinbefore 
written. 

W.W. CORCOEAy. 
Signed, sealed, and delivered in the presence of — 

John Huntee. 

A. T. Bbice. 
We jointly and severally accept the trusts of the aforegoing deed. 
Witness our hands and seals the said tenth day of May, eighteen 
hundred and sixty-nine. 

Jambs M. Carlisle. Geo. W. Eigqs. 

James G. Berrbi. Henry D. Cooke. 

W. T. Walters. J. C. Hall. 

Anthokt Hyde. Jas. C. Kennedy. 

Jas. C. McGuirg. 



District of Columbia, County of Washington : 

I, Whitman C. Bestor, a notary public in and for Washington County 
aforesaid, do hereby certify that William W. Corcoran, the party of the 
first part to a certain deed, bearing date the tenth day of May, A. D. 
eighteen hnndred and sixty-nine, and hereto annexed, personally 
appeared before me, in the county aforesaid, on the day of the date 
hereof, the said William W. Corcoran being personally well known to 
me to be the person who executed the said deed, and acknowledged the 
same to be hia act 

Given under my hand and notarial seal this tenth day of May, eighteen 
hundred and sisty-uiue. 

WHITMAN C. BESTOR, 

Notary Public. 
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D. 

TONEE LECTURES. 

Deed of conveyance from Dr. J. M. Tojter to fice trustees, iiistiluting the 
Toner kciurea at tlte city of Washington, and establishing a permanent 
and increasing fund for their support and continuance annually. 

This indentqre, made this tliirteeoth day of April, in the year of oar 
Lord ooe thousand eight hnndred aud seveiity-two, between Dr. Joseph 
M. Toner, of the city of WashiDgtoD, in the District of Golambia, of the 
first part, and the Secretary or chief scientiQo officer of the SmithsoDian 
lustitation, (for the time being Professor Joseph Henry;) the Snrgeon- 
General of the -Uuited States Army, (for the time being J. K. Barnes, 
U. D. ;) tlie Sargeou-General of the tluited States TS»vy, (for the time 
being J. M. Foltz, M. D. ;) the president of the Medical Society of the 
District of Colombia, (for the time being Grafton Tyler, M. T>.;) of the 
second part, all at present residing in said District of Columbia: 

"Whereas the said party of the first part, believing that the advancement 
of science — that is, a knowledge of the laws of nature in any part of 
ber domain, and particnlarjy such discoveries as contribute to the ad- 
vimcement of medicine — tends to ameliorate the condition of mankind, 
hath determined to convey and transfer to the said parties, of the sec- 
ond part, and their snccessors forever, in their several official positions 
as aforesaid, the hereinafter described real and personal property, 
amoQntiagiDvaluetoaboat$3,000,ninetypercent.of the intarestof which 
is to be applied for at least two annual memoirs or essays by different 
individuals, and, as the fund increases, as many more as the interest of 
the trust and revenoe will in the judgment of the trustees justify, rela- 
tive to some branch of medical science, to be read at the city of Wash- 
ington at such time and place as the said parties of the second part and 
their snccessors as trustees may designate, under the name of "^e 
Toner Lectares ;" each of these memoirs or lectures to contain some new 
truth fully established by experiment or observation, and no such 
memoir or lecture to be given to the world under the name of " The 
Toner Lectures" without having first been critically examined and ap- 
proved by competent persons selected by said trustees for that parpose. 

It is further provided, th&t such of the said memoirs or lectures as 
may be approved shall be published in such manner and through such 
channels as said traatees may determine. 

And, in order to carry out the intentions hereinbefore expressed, the 
said party of the first part hath associated with himself the said other 
parties of the second part, each in bis official character as hereinbefore 
named, with this provision : that upon removal from official position of 
any one of said parties of the second part, by death or otherwise, his 
successor in said position shall succeed him as one of the trustees of 
"The Toner Lectures;" and that upon the death, resignation, or removal 
of said party of the first part, , or his successors, the other trustees 
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8iir\'iviDg shall, within a reasonable time thereafter, elect to succeed 
him au active and energetic member of the regular medical profession 
in good standing and practice in the city of Washington, who shall 
upon his acceptance thereof he and become one of the trustees of "The 
Toner Lectures." And if the Medical Society of the District of Colum- 
bia shall at any time hereafter be dissolved, so that there would no 
longer be a president thereof, then and within a reasonable time there- 
after the other trustees shall elect to succeed the said president, as trus- 
tee in this behalf, an active and energetic member of the regular medi- 
cal profession in this District, in good practice aud standing, who shall 
upon acceptance thereof be and become one of the trustees of *' The 
Toner Lectures ;" and so on from time to time, so as to continue to have 
five trustees, who shall serve without compensation. And to carry out 
the hereinbefore expressed intentions these presents are made. 

Ifow, therefore, this indenture witnesseth that the said party of the 
first part, for and in consideration of the premises aforesaid, and, fur- 
ther, the sum of one dollar, lawful money of the United States, to him 
in hand paid by the said parties of the second part, at and before the 
sealiug and delivery of these presents, the receipt whereof is hereby 
acknowledged, hath granted, bargained, sold, aliened, enfeoffed, and 
couvcyed, and doth by these presents grant, bargain, sell, alien, enfeoff, 
and convey unto the said parties of the second part, the survivor or 
8ur\-ivors of them, (and their associates duly elected,) and to their heirs, 
executors, administrators, and assigns, according to the quality of the 
estate granted, the following described real estate in the said city of 
Washington, known and described as being lots nnmbered six (6) and 
seven (7) in Clark's recorded subdivision of square north of square num- 
bered three hundred and thirty-four, (334,) and also money and private 
aecarities amounting to the sum of $L,100; together with all the im- 
prfivements, ways, easements, rights, privileges, and appurtenances to 
the said real estate belonging, or in any wise appertaining, and all the 
remainders, reversions, rents, issues, and profits thereof: 

To have and to hold the said real and personal estate or private securi- 
ties unto and to the use of the said parties of the second part, together 
with the said party of the first part, their heirs, executors, administra- 
tors, and assigus, in and upon the trusts, nevertheless, hereinafter men- 
tioned and declared — that is, whenever it seems to them that the pro- 
ductiveness of the fund will be increased thereby, to sell the said real 
estate, aud the same to convey in fee simple to the purchaser thereof; 
and to convert the said personal estate or private securities into money, 
and the proceeds of said sale and conversion to invest, reinvest, from 
time to time, aud to keep invested in some safe public or private secori- 
tiesin the name and for the use of the trustees of "The Toner Lectures," 
who shall apply ninety per cent, of the interest thereof aoimally to de- 
fraying theexpensesof said "Toner Lectures," and the pubUcation thereof 
whenever the publication thereof is deemed advisable. The remaining 
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ten per cent, of the said aouoal iuterest from the whole faDd, as well as 
any additional gift or unespended balance at the end of each year, they 
shall from time to time invest, and the same shall be and become a part 
of the principal, for the steady increase of the permanent and producing 
fond of said " Toner Lectures." It is hereby provided that the said 
trustees shall hold at least one regular meeting annually ; keep a cor- 
rect record, in a book for the purpose, of all proceedings and actions as 
tmstees, with a statement of the expenditares of the revenue, and the 
condition of the fand, where and how invested ; all of which they may, 
from time to time, at their pleasure make pablic, and be governed in all 
matters relating t« the general execution of the trusts and intentions 
herein expressed and declared, and in the investing and disbursing of 
all Irast-moneys, by snchrnlesand regulations as may from time to time 
be. adopted by them for tbeirvown government, with this express cou- 
ditiui, however : that for the election of any new trustee to fill a va- 
cancy, for the sale of any proiierty or stocks or secnrities, or the invest- 
ment of any funds, the approval of a majority of said trustees, in writing 
or by ^hei^ votes at a meeting of the trustees, shall be absolutely neces- 
sary. 

Audit is further provided, that in case of the failure at any time of 
the pninoses for which this trust is created, or in case of the foilure of 
the truEtees to act for three successive years, or in case of the total fail- 
ure of the trustees to give effect to this trust, then, and in any such 
connngency, the fund hereby provided for and created shall revert to 
thesaid party of the first part and bis heirs or personal representatives. 
Ii testimony whereof, the said party of the first part hath herenuto 
Bet lis hand and seal on the day and year first hereinbefore written. 

J. M. TOSER. ■ 

S^ned, sealed and delivered before Edward Clark, justice of the 
peau, in the presence of — 
S. H. Kauffman, 
G. B. GoFF. 

y} hereby accept the foregoing trust. 

JOSEPH HENRY, 
Secretary Smithstmian Institution. 
J. K. BARNES, 
SurffBon- General United States Army. 

3. M. FOLTZ, 
Surgeon- General United States Nary. 
GRAFTON TYLER, M. D., 
President Medical Society of the District of Columbia, 
JOSEPH MEREDITH TONER, M. D. 
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B. 

THE TYNDALL TRUST FOB THE PROMOTION OF SCIENCE 

IN THE UNITEJ> STATES. 

Letter from Professor Tyndall to Professor Senry. 

New Yoek, February 7, 1873. 

Mt Dear Professor Henry: I have made my "will" in due fonc, 
and sigiie<l it in the presence of witnesses. 

My desire and intention in accepting the iuvitatioD of my frienis 
were, as you know, to hand over the proceeds to Chicago. But the re- 
covery from calamity is quick in this country, so that Chicago not ttily 
does not need my feeblo aid, bnt would M willing of her abundanc* to 
add to my wealth. 

My disborsements, as I told you, are heavy. Living I have foaid to 
foe exceedingly expensive in the Dnited States; hence the balance vhicb 
[ am able to hand over to the board of trnstees is not so Iarg< as I 
iM>nld wish it to be. It, however, amounts to a little more than tlirteen 
thousand dollars. 

I have bestowed some care on tbe accounts, and do not thinki carry 
borne with me a single cent of American money. Bnt I care home 
what is to me incomparably more precious, and that is tbe assured ga>d- 
ffill of the American people. 

The instruments that I take home with me I intend to present to ;be 
Eoyal Institution, where they wil! be turned to good account. My 
bands will be then entirely clean, and no foreign element will miigle 
with the bright memory of the time I spent here. 

Ever yours, faithfully, 

JOHN TYNDAU 
Professor Joseph Henry, 

Secretary Smithsonian Institution, Washington, D. C. 



THE TRUST. 

I, John Tyndall, professor of natural philosophy in the Boyal Iititu 
tion of Crreat Britaiu, having, at tlie solicitation of my friends, k-<9ared 
in various cities of the United States, hud the receipts and disbrse- 
ments on account of tbese lectures to be as follows : 

I. — Receipts. 

From Boston, for six lectures $1, K* 00 

From Philadelphia, for six lectures 3,90 00 

F-oui Baltimore, for three lectures iJK) 00 
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From WasbingtOD, for six lectures. t2, 000 00 

From New York, for six lectures 8, DOO 00 

From Brooklyn, for six lectnres ..'. 6,100 00 

From New Haven, for two lectares 1, 000 00 

Total receipts 23,100 00 

II. — DitbursemenU. 

Be/ore leariti^ England : Wages of assistants during the - 
preparation of the lectures; work of philosophical instm- 
ment maker; new apparatus; sundry items for outfit; 
traveliug expenses of myself and two aesistonts from 
London to New York, make a total of £671 6«. 8d., vbiob, 
at the rate of $5.50 per pound, amounts to (3, 602 31 

In the United States : Hotel and traveling expenses for myself 
and two assistants; other expenses incideutal to lectures in 
Boston, Philadelphia,* Baltimore, Washington, New York, 
Brooklyn, and New Haven, covering a period of four 
mouths, pins traveling expenses of myself and my assist- 
ant from New York to London, make a total of 4, 749 35 

Present to Yale's Scientific Club 250 00 

Salaries to assistants for four months, £250, which, at $5.50 
per pound, amounts to 1,375 00 

Making the total disbnrsemeuts 10,066 66 



The total receipts are $23,100 00 

The total disbursements 10, 066 66 

Making the net; proceeds of lectares 13, 033 34 

As an evidence of my good-will toward the people of the United 
States, I desire to devote this sum of thirteen thonaand and thirty-three 
dollars to Che advancement of theoretic science and the promotion of 
original research, especially in the department of physics, in the United 
States. 

To accomplish this object I hereby appoint Professor Joseph Henry, 
Secretary- of the Smithsonian Juetitntion, Washington City, D. C, Dr. 
E. h. Youmans, of New York, and General Hector Tyndale, of Philadel- 
phia, to act as a board of trustees to take charge of the above sum — to 
carefully invest it in permaoeut securities; and I further direct that the 
said bourd shall, for the present, appropriate the interest of the fbud 

•At Philndelphia I hod no botel expenKa, bnt vraa most comfortably lodged at tbe 
hoaat at m; klDBmiui, Oeoeial Hector Tynilale. Uo, I may odd, paid bU own hotel 
espenaes wherever be accompnoied me. 
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ill sapportiDg, or iu assisting to sapport, at fiuuh European unirersities 
as tbey may consider most desirable, two American pupils, wbu may 
evince decided talents iu physics, and who may express a determination 
to devote tlieir lives to this work. My desire would be that each pupil 
should spend four years at a German university — threeof those years to 
be devoted to the acquisition of knowledge, and the fourth to origiual 
investigation. 

If, however, in the progress of science in the United States, it should 
at any time appear to the said board that the eud herein proposed 
would be better subserved by grauting aid to students, or for some 
special researches in this country, the board is authorized to make the 
appropriations from the income of the fund for such purposes. 

£ farther direct that vacancies which may occur in said board oi 
trustees, by death or otherwise, shall be tilled by the president of the 
National Academy of Sciences. 

If in the course of any year the whole amount of the interest which 
accrnes from the fund be not ezt>ended iu the manner before mentioned, 
the surplus may be added to the principal, or may be expended in addi- 
tion to the annual interest of another year. 

If at any time any organization shall be established, and money pro- 
vided by other persons for the promotion of sncb origiual research as 1 
have in view, I authorize the said board of trustees to exercise theii 
discretion as to co operating in such work from the income of this fund. 

In witness whereof I have hereunto set my hand and seal this 7tb of 
February, 1873, in the city of New York. 

JOQN TYNDALL. [8BAL.J 
In presence of — 

C. BUBEITT Waitb. 
L. E. FULLEE. 



BEQUEST OF JAMES HAMILTOS. 
Letter from the executors. 

Carlisle, Pennsylvania, April 17, 187.3. 

Bear Sib : Inclosed pleuse find printed copy of the last will and tes- 
tament, and codicil thereto, of James Hamilton, esq., latti of this place, 
deceased, by which we notify you of the bequest made to your board by 
said last will and teslament. 

As certain legal questions will have to be decided by the courts before 
we will feel justified in paying over eleemosynary bequests, it would be 
well for your board to be represented by counsel. 

One of the religious associatious have employed Henderson and Hays, 
who, we understand, are making preparations for a case. 
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We give you early notice that you may act accordingly, and all legal 
difficulties be removed at as early a day as practicable. 
Our l)08^oflace addfess is Carlisle, Pennsylvania. 
Yours, respectfully, 

JOSEPH H. STTJAKT, 
ABRAM BOSLER, 
Executors of James Samilton, deceased. 
Professor Joseph Henet, 

Secretary of the Smithsonian Institution. 



Extract from the tcill of James Samilton, dated Ifovember 20, 1871. 

"Id the name of God, amen. I, James Hamilton, declare this to be 
my last will and testament, with respect to my personal property : 

8. I give one thousand dollars to the Board of Regents of the Smith- 
sonian Institntton, located at Washington, D. C, to be invested by said 
regents in some safe fund, and the interest to be appropriated bienni- 
ally by tlie secretaries, either in money or a medal, for such contribu- 
tion, paper, or lecture on any scientific or useful subject as said secre- 
taries may approve." 



CIRCtJLAR SENT WITH SPECIMENS PRESENTED TO INSTI- 
TUTIONS. 

The following is a copy of the circniar sent to foreign masenms on 
the preseutation to them of specimens from the collections of the insti- 
tution ; which was alluded to by the secretary in his remarks at the 
meeting of the Board on the 20th January, 1873 : 

Smithsoniak Institottow, 

Washington, D. C, , 187-. 

Deab Sm ; In behalf of the Smithsonian Institution, we have this 

day forwarded by the specimens mentioned in the accompanying 

receipt — a present from the Institution, upon the following couditions: 

1. That an acknowledgment be made to the Secretary of the Institu- 
tion immediately on receipt of the specimens, by siting and returning 
the accompanying blank. 

2. That fall credit be given the Institution for the donation, on the 
labels of the specimens, in published reports, and under all other cir- 
ca m stances. 

3. That free access to and nse of these specimens be allowed, under 
the proper restrictions, to all persons engaged in original investigations 
requiring such material. 
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4. That aaitable returns be made from tbe duplicates in tbe coUec- 
tioQS ander yoor charge, whenever the Institntion may desire and call 
for tbcm. 

Very respectfully, your obedient servant, 

JOSEPH HENRY, 

Secretari/ S. L 

[To be BigDod and retniried prepaid to tbe " Secretary of tbe SmithBoniaii InstitDtian, 
WoBbiDgtoD."] 

, , 187-. 

I faave received from tbe Smithsonian Institation, through 

, in behalf of , the following collections, subject to 

the conditions mentioned in tbe aceompaDying circular-letter. 
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THE SMITHSONIAN REPORT FOR 1872, 
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The object of tbis appendix ia to illastrate tUe operations of tbe 
IiistitatioD by reports of lectures nod extracts from correspondence, as 
well as to fnrnish information of a character Baited especially to the 
meteorological observers and other persons interested in the promotioa 
of kuowledge. 



itizecy Google 



EUIOCY ON AMPERE. 



BY M. ARAGO. 



[Trosalated for the Smithsonian Institutiou.] 

Gentlemen: It is my daty to-day, in accordance vith an article of 
the academic regulationa dating back to 1666, and wbich duriog this 
long interval of time has always been faithfully executed, to bring be- 
fore you the labors of one of our most illustrioua associates, and at the 
same time to cursorily glance at his life. 

These biographical sketches faave not always preserved the same 
characteristics. Before tbe judges of the eigbteenth century, Fonte- 
nelle himself, the ingeuious Fontenelle, ventured to refer so briefly to 
technical points that his eulogy on Newton occupies only about thirty 
pages in octavo. If you will open this master-piece of delicacy, elegance, 
and atticism, you will find the celebrated "Treatise on Optics" confined 
to a few lines, and tbe title of the "TTniversal Arithmetic" not even 
mentioned. In proportion as tbe sciences progress tbe aucient bounda- 
ries of the academic eulogies sbonld be enlarged, and, in fact, we having 
atlastreachedaperiodwhen tbe crowds are largely pressingto expositions 
of tbe mathematical and natural sciences with which our vast lectnre 
rooms daily resound, the secretaries of the academy have begun to feel 
that it is time to rid themselves of the restraints which their illustrious 
predecessors bad imposed upon themselves, that henceforth they might 
here, at the public sittings, speak of the labors of their associates in the 
terms hereafter to be used by tbe historians of the sciences. This new 
course has already several times received yonr kind approbation. The 
idea of departing ftvm it bas never even suggested itself to my mind, as 
indeed, a little reflection would have reminded me, when M. Ampere 
was removed from our midst, of tbe impossibility of examining his 
works, and of making tbe analysis of his complete encyclopedia, with- 
out departing from the usual limitsof our eulogies. I must acknowledge, 
too, that a close intimacy, an intimacy without a cloud for more than 
thirty years, has also contributed to extend this biography, and to ena- 
ble me to give im[>ortance to certain details that one indifferent to him 
would have passed by unnoticed. If an excuse be necessary, gentlemen, 
I will give it to yon in a line in which a great poet baa defined friendship 

" The only paaaion of the hoqI in which excess is tolerated." 
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INFANCY OF AUP&BE, HIS EXTBAOBDINABY MEHOBY, HIS FBEOO- 
CI0U8 TALENTS, HIS PAVOEITE BOOKS — HE "WEITES ON THE PEIMI- 
TITE LANGUAGE. 

Andre Marie Amp^ie, the sonof JeaD Jacqnes Ampere and Jeanne 
Antoinette ESarc«y de Sutifu^s, n-as bom at Lyons, in the parisb of Saint 
Kisier, on the 22d of Januarj-, 1775. 

Jeau Jacques Amp&re wa^ well edacat«d, and highly esteemed. His 
wife was also generally beloved for the uuiform sweetness of her Aispo- 
sition and a beneficence, ever on the watch for occasion npon which to 
exercise itself. A short time after the birth of their son, M. Ampere 
abandoned commerce and retired with bis wife to a small estate in Poley- 
mieux-Iez-Mont-d'Or, near Lyons, and herein ajiob8Ciire\'illag6,withoat 
the assistance of a teacher, began to dawn, or, as I should say, to be de- 
veloped that wonderful intellect, the briUiantpbasesofwhichlam about 
to unfold. 

The first talent shown by Ampere waa that for arithmetic Before 
even nnderstanduig figures, or knowing how to form them, be made 
long calcalations with the aid of a limited number of pebbles or beans. 
It may be he had fallen upon the ingenious method of the Hindoos, or, 
perhaps, his pebbles were combined like the com strong upon parallel 
lines by the Brahmin mathematicians of Pondicb^ry, Calcutta, and 
Benares, and handled by them with such rapidity, preciuon and accur- 
acy. As we advance in the life of ^mp^re we shall find this supposi- 
tion gradually losing its apparent improbability. To illustrate to what 
an extraordinary degree the love of calculation had seized npon the 
young student, being deprived, by the tenderness of his mother, during 
a serions illness, of bis dear little pebbles, he supplied their places 
with pieces of biscuit which had been allowed him after three days 
strict diet. I shall not dwell longer on this illustration, as I am far from 
wishing to give it as an unanswerable or incontestible indication of the 
future vocation of Ampere. There are children, I know, whose apathy 
nothing seems able to arouse, and others, again, who take an interest in 
every thing, amuse themselves with even mathematical calculations 
without an object. Yon object to this assertion, charge it, perhaps, with 
exaggeration, and class numerical calculation with those distasteful 
tasks which duty and necessity alone can induce one to undertiike. My 
answer is ready, and I will cite, not mere school-trays, but a distinguished 
savant, who, i)erceiving my astonishment at seeing him, during a public 
meeting of the academy, undertake the multiplication of two long lines 
of figures, said to me at once, " Ton forget the pleasure it will give me 
directly to prove this calculation by division." 

Young Ampfere soon learned to read, and devoured every book that fell 
into his hand. History, travels, poetry, romances and philosophy inter- 
ested him almost equally. If he showed any preference, it was for 
Homer, Lucian, Tasso, Fi^ndton, Comeille, Voltaire, and for Thomas, 
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whom it. is aiirprisiag to find, notwithstanding his unqnestionable talent 
in 80 brilliant a company. The principal study of the young student of 
Poleymieux was the encyclopedia in alphabetical order, in twenty vol- 
umes in folio. Each one of these twenty volumes had separately its 
turn, the second after the Srst, the third after the second, and bo on to 
the end, without once interrupting the arithmetical order. 

Nature had endowed Ampere, to an extraordinary degree, with the 
faculty Plato so aptly, and not too extravagantly, describes as "a great 
and powerful goddess." Thus tliis colossal work was completely aud 
deeply engraved on the mind of our friend. Each one of us has heard 
this member of the Academy of Sciences, at a somewhat advanced 
age, repeat, with perfect accuracy, long passages from the encyclopedia, 
relating to blazonry, falconrj-, etc., wliich a half century before be had 
read amidst the rocks of Poleymieux. His mysterious and wonderfhl 
memory, however, astonishes mo a thousand times less than that force 
united to fiexibility, which enables the mind to assimilate, without con- 
fiision, after reading in alphabetical order, matter so astonishingly va- 
ried as that in the large dictionary of d'Alembert and Diderot. I will 
ask you to glance with me over the first pages of the encyclopedia. I 
mention the first pages as I prefer not t« choose, that our admiration 
may be s[)Ontaneous. 

To begin: The preposition a fills the reader's mind with nice gram- 
matical distinctions; ah transports him to the Hebrew calendar; abadir 
to the midst of the mythological histories of Oybele and Saturn. The 
word abaissement (depression) carries him at times into algebra, to the 
redaction of the degrees of equations ; into one of the most difficult 
problems of geodesy and the nautical art, when required to determine the 
depression of the horizon at sea; and to heraldry, when abatemmt desig- 
nates the peculiar signs added to the arms of families when necessary 
to debase their bravery and dignity. Turning the page the article abb4 
will enlighten yon as to all that is fickle and capricious in the ecclesias- 
tical discipline. The next word, abscess, carries you into surgery. To 
the description of the anatomical organization of bees, [aloellcs,) of their 
mode of living and reproduction, of their habits, of the hierarchical or- 
ganization of the hive, succeeds almost immediately the explanation ot 
the immortal aud subtile discovery of Bradley; of those annual move- 
ments of the stars, which, under the name of aberration, demonstrate 
that the earth is a planet. Some lines furtber on you fall into the abyss 
of cosmogony. Abacadahra plunges you into necromancy. 

This, then, is the kind of reading that a child of thirteen or fourteen 
undertook, or rather planned, for himself without finding it too severe 
a task. I shall have more than one example to give of the strength of 
Ampere's mind. Kone, however, more remarkable than the one I am 
abont to relate. 

As the modest library of a retired merchant could no longer satisfy 
the young Btudent,hisfatbertook him from time to time to Lyons, where 
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he bad access to the rarest books, among others the works of Bernoulli 
aud Euler. When the puuy and delicate child first asked the librarian 
for these works the good M. Daburou exclaimed, " Do yoa uoderHtaDd 
the works of Bernoulli aud Euler 1 Kedect, my little friend. These 
works rank among the moat abstruse the human mind has ever pro- 
duced." "I hope, nevertheless, to be able to auderstand them," replied 
the child. " You are aware, I presame, they are written in Latin," added 
the librarian. This revelation for a moment disheartened our young 
and future associate ; he had not yet studied the Latin language. It 
is nnnecesssry to tell you now that at the end of a few weeks this obsta- 
cle was removed. What Ampere sought above all things were ques- 
tions to fathom and problems to solve, even in his earlier studies. The 
word iotigue or language {langue) in the ninth volume of the encyclo- 
pedia transported him to the banks of the Euphrates and to the Tower 
of Babel of biblical celebrity. There he found men speaking all the 
same langaage. A mu-acle related by Moses suddenly produced the 
confusion. Each tribe spoke from that time a distinct language. These 
Ifinguages mingled and became corrupt, and lost by degrees that char- 
acter for simplicity, regularity, and grandeur which distinguished the 
common stock. To discover this original language, or at least to recon- 
struct it with its aucient attributes, was a problem certainly very diffi- 
cult, bnt the young student did not consider it beyond his powers. 

Great philosophers had already been engaged in this work. In order 
to give a complete history of their attempts, it would be necessary to go 
back to that King of Egypt, who, if we can believe Herodotus, caused 
two children to be brought up iu absolute seclusion with only a goat as 
nnrse, and who then had the simplicity to be astonished that these cbil. 
dren should bleat The word bSeoa proceeding more or less distinctly 
from their months, he considered the Phrygeans, in whose language is 
found the word beck, (bread,) best qualified to be thought the most 
ancient race of the world. 

Among the modem philosophers who have interested themselves in 
the primitive language, and in the means of restoring it, Descartes and 
Leibnitz occupy, incontestably, the first places. The problem, as these 
men of genius treated it., was not merely to improve the musical qualities 
of modem languages, to simplify their grammar and to banish from them 
all irregularities and exceptions. They snppoeed it to consist especially 
of a kind of analysis of the human mind, of the classification of ideas, 
andoftbe complete and exactenumeration of those which should be con- 
sidered elementary. By means of a language built upon such a founda- 
iou, "the peasants," said Descartes, ** would be better judges of the truth 
of things than are the philosophers now." Leibnitz expressed thesame 
idea in different terms, when he wrote that " the universal language 
would add more to the powers of reasoiung than the telescope to the 
eye, or the magnetic needle to the progress of navigation." 

Ko one would be so presuming as to aflirm that young Amp^ treated 
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the question of tlie iiDiversal laogaage with the same comprebeiiBireness 
and the same research as Descartes and Leihnitz, but it can be said, ut 
least, that he did not banish its solution, as the first of these philoso- 
phers did to the land of romance. Nor did be confine himself as tlie 
second did, to dissertations on the mar^'ellous fitness of the future in- 
strument. This instrument he created! Several of Ampere's fiiends 
have bad in their bauds a grammar and dictionary, t)ie fruits of 
hia indefatigable perseverance, containing the almost finished rules 
of the new language. Some have beard him recit« fragments of a 
poem composed iu this new tongue, and can testify to its harmony, the 
only thing, to t^U the truth, of which they could judge, as the meaning 
of the words was uuintelligible to them. Who, besides, among us does 
not remember the joy experienced by our associate, when, iu glancing 
over the work of a modern traveler, he discovered in the vocabnlarj- of a 
certain African tribe several combinations, which he bad himself formed. 
It will be remembered that a similar diseoverj- was the chief cause of 
Ampere's warm admiration for the Sanscrit. 

A work which has reached such a degree of advancement, should not 
be condemned to oblivion. The carrying out by Ami)6re of an idea of 
Descartes and Leibnitz will always interestphilosophers and philologists 
in the highest degr^. The manuscripts of our brother are fortunately 
in bands eminently qualified to bring out all that could contribute to 
the advaucemeot of science and letters. 

AMPfeBE'S AFPLICTIOir DTJBIKG THE TERRIBLE REVOLUTION— SUSPEN- 
SION OF HIS INTELLECTUAL AND MORAL FACULTIES — RECOVERY- 
BOTANICAL STUDIES — HIS MEETING WITH THE LADY WHO AFTEB- 
WABD8 BECOMES HIS WIFB. 

The revolutionary tempest in 1703, during one of its most violent con- 
vulsions, penetrated as far as the moantaius of Poleymienx, and .Teao- 
Jacques Ampere becomingalarmed, in order to escape a danger which his 
parental and marital solicitude had, perhaps, greatly magnified was 
guilty of the fatal steps of leaving the country and taking refuge in 
the city of Lyons, and of there accepting the office of justice of the 
peace. 

Ton will remember, gentlemen, that after the seige of that city, Collot- 
de Hcrbots and Fouchc perpetrated there, under the unfortunately spe- 
cious name of reprisals, the most execrable bntcheries. Jean-Jacques 
Ampere was one of the first of their numerous victims, less on account 
of holding the position of magistrate during the trial of Ohalier, than 
on account of the hackneyed charge of aristocrat with which he was 
branded, in the writ of arrest, by the very man, who, a few years later, 
had engraved on the panels of his carriage, the most brilliant coat of 
arms, and who signed with the title of duke, the conspiracies he was 
plotting against his country and his benefactor. 
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Tlie (lay be was to ascead tlie scaffold, Jeau-Jacquea wrote to hia 
wife a letter full of the most Bablime simplicity, resignation and heroic 
t^-uderness, in which you willfind these words : "Say nothing to Josephine 
(the name of hia daughter) of the unhappy fate of her father; try to 
keep her ever in ignorance of it As to my son, I expect everything of 
him." Alas! the \-ictim deluded himself. The blow was too severe, it was 
beyond the strength of a young man of eighteen ; Ampere was com- 
l»!etely paralyzed by it. His intellectual feculties, so active, so ardent 
and well developed, seemed suddenly to degenerate into a complete 
idiocy. He would pass whole days mechanically contemplating the 
skies and the earth, or in heaping np little pUes of sand. His anxious 
fi'ieiids, fearing his symptoms gave indication of a fatal and rapid de- 
cline, tried to entice him into the neighboring woods of Poleymieus, to 
arouse him, if possible, from this lethargy, where "he waa," (I use the 
very words of our associate,) a mute witneas, " an observer without eyes 
or thought."' 

This torpor of all feeling, mental and moral, lasted for more than a 
year, when the botanical letters of J. J. Bonsseau fallinginto his hands, 
their clear, harmonious language seemed to penetrate into the vei;y soul 
of the a£Bicted youth, and in some degree to restore tone to bis miud, 
as the rays of the rising-snn pierce the thick fogs of the morning and 
bear life inu> the bosom of the plant that the " numb cold night" bad 
rendered torpid. About the same time a volume, accidentally opened, 
brought to his notice some lines from the ode of Horace to Luciuius. 
These lines seemed to convey no meaning to our friend, to him who had 
merely learned Latin with sufKcieut accuracy to enable him to read essays 
on mathematics ; but their cadence charmed him, and lirotn this time, 
contrary to the principles of the moralist who declares the human mind 
incapable of entertaining at the same time more than one ardent pas- 
sion. Ampere gave himself up with unrestrained zeal to the simulta- 
neous studies of plants and the poets of the Augustau age. A volume 
of the Corpm Poetarum Latinorum accompanied him in his herboraza- 
tions, as well as the works of LinniEus, and the meadows and hills of 
Poleymieux resounded daily with declamatious from Horace, Virgil, 
Lucretius, and especially from Lacian, in the intervals of his dissections 
of a corolla or the examination of a petal. The quantity of the Xatiu 
words became so familiar to Ampere, that forty years after, be com- 
posed one hundred and fifty eight technical lines in a post-chaise dur- 
iug a tour of inspection of the universities, without ouce referring to 
the Oradus. 

Tbe botanical knowledge he acquired in these solitary studies was as 
profound as it was lasting. It is my good fortune to be able to cite on 
this point the unexceptionable and striking testimony of our colleague, 
M. Auguste de Saint-Hilaire. 

The genus Begonia was among the number of those classed by 
tbe illustrious dc Just^icu under the head of inca-tu aedia, because he 
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bad DoC succeeded in discovering tlieir natural retationB. On reachiDg 
Brazil, where a large number of the speciea of this genus is found, M. de 
Saint-Hilairo examiued them with the scruiiulous care which gives so 
much value to all his labors, and discovered their true afliuities. Some 
time after his return to France, M. de Saint-Hilaire, meeting M. Ampere 
in society, after the usual interchauge of civilities was addressed by liim 
iu the following terms : "I found yesterday, while walking in a garden, 
a begonia, and amused myself examining it. "With what lauiily do you 
classify itf " Since you have esamiued it, permit me to ask you how 
you would classify itf "I would place it in the adjoining group of 
onagraires," replied M. Ampere. And, iu fact, this was precisely the 
idea a thorough examination, made on the very spot whei-e the plant 
grew naturally and in the open air, had suggested to M. de Saint-Ui- 
laire. But our two colleagues were guilty of the error of not publish- 
ing to the world the solution of a problem whose difficulty is de- 
monstrated by the hesitation concerning it shown by de Jussieu. Ten 
years later, after his own investigations, Lindley assigned to the genus 
Begonia the place it should properly occupy — the place first indicated 
by Ampere and M.Auguste de Saint-Hilaire. Does it not surprise you, 
gentlemen, to find the name of a geometer thus associated with those 
of distingiushed botanists 1 

Before the bloody catastrophe of Lyons, Ampere, then hut eighteen 
years of age, made a carelUl examination of hia past life, and discov- 
ered, be said, but three prominent points, but three circumstances, 
whose influence on bis future Ufe was important and decided ; these 
were, bis first communion, the reading of the eulogy of Descartes by 
Thomas, and finally — I foresee your surprise — the fall of the Bastilc. 

From his first communion, our associate dates the existence of fixed 
religious feeling ; from the reailing of the eulogy of Descartes, bis 
taste, or rather his enthusia.stic love for the study of mathematics, 
physics, and philosophy ; and from the fall of the Bastile, the first 
exultation of bis soul at the names of liberty, human dignity, and phi- 
lanthropy. The terrible death that snatched from the worthy family 
of Poleymieux its venerated head was calculated to deaden for a time 
the faculties of our associate, but there was no change wrought in his 
convictions. From the moment bis intellect was aroused from its slum- 
ber, that devotion of mind and heart to the cause of civilization resumed 
it5 sway. He scornfully rejected the idea that the fury of a few demons — 
that crimes — from which he had so cruelly suffered could arrest the pro- 
gressive march of the world. 

The fertile mind with which nature had endowed the student of Poley- 
mieux had been active from his earliest infancy ; bnt such, however, 
bad not been tbe case with his senses. Those powerful instruments of 
pleasure and of study were revealed to Ampere at a much later date— 
at least in all tbe fnlluessof their power — and then by akind of sudden reve- 
lation; which, on this aecount,seem8 not uoworthy of being classed with 
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Chessolden'sbistoryof the man blind from hisbirth and suddenly restored 
tosi^bt by the removal ot'acatariict. Ampere was extremely neai'oigbt- 
eti: objectsoulyslightlydistantseemedtobimbut confused and undefined 
niAiiaes. Hu could form no idea of tbe pleasure manifested in his pres- 
vuce by tbe hundreds of people at Tarious times descending the river 
Suuiie between Laueuville aud Lyons. One day there cbanced to be on 
the boat a traveler as near-sigbted as himself, and with glasses which 
pi-ovedtobeof auumlHTtosuitliiaeyes. He tried them, and as if by magic 
ail uatnru assumed a differeot aspect, the smiling woods, picturesque 
country, graceful, gently undulating hills, rich, warm, harmoniously 
bleuded tiuts, spoke for tbe first time to his imagination, aud a torrent 
of tears proclaimed bis deep emotion. 

Our associate was then but eighteen, and iVom that time was 
keenly alive to alt the beauties of nature, I have been told that, in 
1812, while traveliug along the Moditerrauean shore of Italy, a view 
li'um certain points of the celebrated Comicbe on tbe coast of Genoa 
threw our friend into such an ecstacy of admiration that iostaut death 
iu tbe presence of that sublime picture was all bo desired. 

Were it needful to show how profound were these impressions, and 
to what extent Ampere could make them available iu coloring the 
most common -place scenery he desired to embelbsh, a striking proof may 
be found iu a letter dated January 24, 1819. 

At this time our friend was living iu a modest bouse he had pur- 
chased at the comer of the streets Foss6s-Saint- Victor and Boulangers. 
The garden, more unpretending still, contained not more than ten super- 
ficial meters of unproductive land, recently spaded. Several terraces 
wore succeeded by a steep and tortuous trench, crossed by two or three 
narrew planks over the deeiKJst parts, the whole surrounded by a very 
high wall. But, you exclaim, you are describing the damp, gloomy yai-d 
of a prison. No, gentlemen ; I am describing the plan aud appearance 
of a gai-den wbere Ampere, in the middle of January, in tbe street des 
Boulangers, was already dreaming of — I had almost said was absolutely 
si-eiug — gi'een grass, trees iu full leaf, and beautiful dowers, filling tbe 
air with their delicious perfumes; aud clumps of sbioibbery beueatb 
whose shade he could revel in the delightful task of readiug letters from 
his Lyonuese friends, where a bridge thrown over the valley formed 
a pictui'csque object. 

I'aidon me, gentlemen, for having anticipated the order of time — for 
biiving selected Irom the life of our friend the only circumstance, per- 
haps, where bis imagination has not been a source of sorrow to him. 

It was not only tlie emotious of beauty, grandeur, and sublimity with 
which the hearts of most men are iuspired by the view of rural aud 
nmuutainous scenery to which Ampere had been suddenly awakened. 
The musical sense was also of sudden birtb. In bis youth Ampere 
bad given very serious attention to acoustics. lie bad taken great 
deliglit iu studying tbe manner iu which waves of air are created 
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and propagated ; tbe diETereut vibrations of a stretched cord ; tbe 
curious periodic changes of iutensity, designated as beats, &c. But 
music, properly so-called, was to him a sealed book. 

The day tiually came, however, when certain combinations of sounds 
were to Am[>ere something more than mathematical problems — some- 
thing more than the monotonous tinkling of bells. 

In the thu'tieth year of his age he accompauied some fViends to a con- 
cert ou one occasion, where, in the beginning, the scieutiSc, animated, 
and expressive music of Gliick was alone performed. The discouilbrt 
of Ampere was appareut to all; he yawned, twisted himself, arose, 
walked about, halted, walked again, without aim or end. From time to 
time (and this with him was the last stage of nervous impatieucv) he 
woald place himself in one of the corners of the room, turning his back 
on the whole assembly. Finally, ennui, that terrible enemy our acade- 
mician had never learned to control, from not having been, as lie said, 
at school in his childhood, seemed to ooze from every ]>ore. Now, the 
scientific music of the celebrated German composer was soeceedwd un- 
expectedly by some sweet, simple melodies; and our associate suddenly 
felt himself transported into a new world, and his emotions betrayed 
themselves again by copious tears ; the chord uniting the ear and heart 
of Ampjjre was struck, and made for the first time to vibrate in unison. 

Time made no change iu this peculiar taste. During his whole lifo 
Ampere showed the same fondness for simple, unafiected snugs; the 
same distaste for scientific, noisy, labored mnsic. Can it be true that 
iu the beautiful art of such masters as Mozart, Ch^iaibini, Berton, 
Anber, Kossini, and Meyerbeer there are no fixed rules by which to 
distinguish the very good from the veiy bad ; the beautiliil from the 
hideousf At aU events, may the example of the learned academician 
render us indulgent to the champions of the ruthless war between the 
Gluckists and Piccinists witnessed by our fathers ; and may it induce us 
to pardon the famous mot of Fouteuelle, '•Sonafe, qve me veux tut" — 
("Sonata, what have you to do with me t") As we have just seen, Ampei* 
was almost blind to one of the tine arts until eighteeu, and almost deaf 
to another until thirty. It was dnring this interval — that is, when about 
twenty-one — that his heart suddenly opened to a new passion, that of love. 
Ampere, who wrote so little, has left some papers, entitled Amoruni, 
to which he confided, day by day, tbe touching, artless, and truly l>eaii- 
tiful history of his feelings. The first page begins thus; "One day 

while strolling, alter suuset, along the banks of a solitary stream," 

The phrase remaius unfinished. I will finish it with the aid of the 
memory of some of the early friends of the learned academician. 

The day was the 10th of August, 1796. 

The solitary stream was uot far from the little village of Saint Ger- 
main, a short distance from I'oleymiens. 

Ampere was botauizing. His eyes, iu perfect condition to see sinc;^ 
the adventure on the barge of the SaOuc, were not now so exclusively 
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fixed on pistils, stameaa, and nerves of leaves that lie was unable to 
observe at some distance two youDg and pretty gii'ls, of modest de- 
meanor, who were gathering flowers in a vast meadow. 

This accidental meeting decided tbefate'of our associate. Until then 
the idea of marriage had never even presented itself to his mind. You 
faucy, perhaps, the idea will qaietly take root there, and germinate by 
degrees; but romantic imaginations do not proceed in this way. Am- 
pfere would have been married that very day. The woman of his choice 
— the only oue lie ever would have married — was one of those two young 
girls seen in the distance, with whose family he was not acquainted, of 
whose name he was ignorant, and whose voice had never reacbe^l his 
ear. But the afl'air was not so speedily disposed of. It was not until 
three years afterward that the yonog girl of the solitary stream aud 
meadow, Mademoiselle Julie Carron, became Madame Ampere. 

But Ampere was without fortune, and before giving their daughter 
to him the parents of Mademoiselle Carron prudently exacted that he 
ubould consider the expenses entailed by marriage, and, as is commonly 
said in the world, establish himself in some basiuess. Yon will smile, 
I am sure, to hear that, entirely engrossed by his passion. Ampere 
allowed them seriously to propose his applying for a position in some 
shop, where, from morning until night, be would unfold and fold and. 
unfold again the beautiful Lyonnese silks ; where his duty would con- 
sist principally iu detaining the purchasers by engaging them in agree- 
able conversation, in adhering strictly to a fised price, but withont 
impatience ; in descanting at large on the quality of the fabrics, the 
taste of the trimmings, and the fastness of the colors. 

Am|iere, without haviug taken any part in the discussion, escaped 
this great danger. Science winuing the day in a family council, he left 
bis beloved mountains and proceeded to Lyons to give private lessons 
iu mathematics. 

AMPfeRE, PEIVATE PEOFEBSOE OF MATHEMATICS AT LYONS — CHEM- 
ICAL STUDIES— MABBIAGE — A CHOSEN PBOFESSOB OF PHYSICS AT 
THE CENTBAL SCHOOL OF BOUEG. 

The period now reached in the life of Amp&re is marked by more 
than one memorable event In this he formed those intimate friend- 
ships which stood the test of, without being shaken by, the })olitiea[ 
crises and disorders of more than half a century. The new friends, 
animated by the same tastes, met every morning, at an early hour, at the 
house of one of the number, M. Lenoir, who cannot be described more 
clearly than as one of the best, gentlest, and most benevolent men who 
has ever honored the human race. There, in the Place dea Cordeliers, 
before sunrise, in the fllth sforj- of the house, seven or eight young men 
compensated themselves, in advance, for the weariness of the day do- 
votcd to business, by reaiiiug aloud the chemistry of Lavoisier; a work 
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in which the severity of the method and the clearness of the exposition 
seemed to vie with the importance of the results, and, which excited in 
the miud of Ampere the most genuine enthusiasm. The public, a few 
years later, were snrpnsed to find a very profound chemist in the pro- 
fessor of traDscendental analysis in the Polytechnic School ; but at that 
time nothing was known of the private readings in the Place dea Corde- 
tiers in Lyons. On examining the matter closely, yon will find it rare, not 
to be able to discover in the lives of all men the thread, sometimes 
highly attenuated, connecting the excellences and tastes of a riper age 
with the impressions of yoath. 

The marriageof Amp6re took place the 15th Thermidor, in the year YII, 
(the 2d of August, 1799.) The family at Mademoiselle Carrou having 
no faith in the sworn priests, the only ones then recognized by the civil 
hiw, considered it necessary to have the religious ceremony performed 
secretly. This circumstance, an will be readily understood, made a pro- 
found impression on the miud of the learned geometer. 

Ampere, now enjoying the fullness of a happiness which alas vrsa 
destined soon to end, quietly divided bis time between the pleasures of 
lamily and friendly intercourse and the direction of the mathematical 
studies of his private pupils. The 24:th Thermidor, in the year VIII, 
(8th of August 1800,) his happiness was increased by the birth of a 
son, who, though still young, rauks high among the Mite of French 
literary writers, and bears with distinction an illnstrious name.* 

Oarfriend,nowfeeIingtbe responsibilities of pateniity,could no longer 
remain satisfied with the precarious living derived from the position of 
a private teacher; and, obtaining the chair of physics in the central 
school of the department of Aix, in the month of December, 1801, he 
repaired to Bonrg, with a sad and sorrowl'ul heart at the separation 
from his family, being forced to leave his wife, then seriously ill, at 

I^-ODS. 

AMPilEE'S MEMOIB ON PBQBABILITIES. 

The studies, plans, and investigations of M. Amp&re up to this time 
had never been given to the public, but remaiued confined to the limited 
circle of a few friends. 

It seems unnecessary to make any especial exception of the two man- 
uscript memoirs addressed to the Academy of Lyons. Now, however, 
the young savant began to reveal himself to the public, and, as might be 
expected, the first occasion was the discussion of a complicated and 
controverted question of most difficult solution. 

The vast field of mathematics embraces on one side abstract theones, 
and on the other their numerous applications. In the lust form they 
interest the generality of men in the highest degree; whom we see, in 
all ages, seeking, suggesting, and proposing new applicatious, founded 
ou observations of natural phenomena or the necessities of everyday 
life, thus giving the mere amateur the privilege of having his name hon- 
orably inscribed on the records of science. 
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Hiero, King of Syracuse, sospecting the booesty of a goldsmitb, and 
desiring, without iDJuring his crown, to determiDe the purity of the 
gold, applied to Archimedes, who thus, tbrough his instrumentality, 
discovered the fundamental principle of hydrostatics^ one of the most 
brilliant discoveries of antiquity. 

The cnrioso who asked, after baring observed the seven bridges be- 
tween the two branches of tbe river Pregel and the island of Kneipbof, 
whether it were possible to cross them successively without passing 
twice over the same, and be who wished to hnow bow the knight could 
move over the sixty-four squares of tbe chess-board without returning 
twice to the same square, became involved in that geometry of positUm, 
(glanced at by Leibnitz,) whic^ never makes use of the magnitudes of 
quantities. 

Finally, the speculations of a gambler, belonging to the aristocratio 
circles, the Chevalier de M^r^, first suggested, in tbe reign of Louia 
Xrv, the calculation of probabilities, or at least directed toward it 
the attention of Pascal and Format, two of the most wonderitil 
geniuses of whom France is so deservedly proud. 

This last branch of applied mathematics, although called, by an illus- 
trious geometer, ** common sense reduced to calculation," was not received 
without opposition. 

Even now public opinion will scarcely admit that analytical formulas 
are capable of determining tbe secret of judiciary decisions ; or of giv- 
ing the comparative values of judgments pronounced by ti'ibunals dif- 
ferently constituted ; it unwillingly adopts, also, the numerical limits in 
which have been included the moan result of several series of distinct 
and more or less concordant observations. "When there is a question 
of an order of problems less subtUe, all understanding play require 
but the most ordinary intelligence to see at a glance that the aid of 
algebra can here be satisfactorily called in, but even here are met, 
in the details and applications, real difficulties, requiring the skill of 
professional men. 

Fvery one readily understands tbe danger, the stakes being eqnal, 
of playing when tbe conditions of tbe game give to one greater chances 
of winning ; every one sees, too, at tlie first glance, that if the chances of 
the two players are unequal, the stak&s should be so too; that if the chances 
of one, for example, are tenfold those of his adversary, tbe respective 
stakes, the sums risked upon the game, should be in tbe proportion of 
tea toone; that this exact proportionality of tbe stakes to the chances 
is tbe necessary and characteristic rule, sufficient for all fair play. 
There are cases, however, where, in spite of the observance of these 
mathematical conditions, a prudent man would decline to play. Who, 
for instance, with a million of chances against one in bis favor, would 
risk a million to gain one franc? 

In order to explain this anomaly, this disagreement between tbe re- 
sults of calculation and tbe inspirations of common sense, Buifon found 
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it wonld be necessary to add a new conditioa to the principles which 
bad seemed to satisfy all but himself. He referred to moral considera- 
tions. He remarked that we could not, unless by instinct, prevent our- 
selves from acknowledging the effects, the loss or profit attached to the 
proposed games would have on oar social position and habits; he ob- 
served that an advantage derived from a benefit could not be measored 
by the absolute value of tliat benefit, separatetl from the fortune to 
which it was about to be added. The geometrical relation of the increase 
of fortune to the primitive fortune seemed to him to lead to considera- 
tions much more in accordance with our mode of life. By adopting 
tbis rule you understand at once, for example, that with a million of favor- 
able chances against one single adverse chance, no man, in the full 
possession of his senses, would conseut to play a million francs against 
one. 

The introduction of moral considerations into the mathematical theory 
of play lias undoubtedly detracted from its importance, its clearness, and 
vigor. It should be regretted, then, that Buftou has used them to reach 
the conclnsion, given in these words: "A long series of chances, is a 
fatal chain : whose prolongation leads to misery," in less poetical terms, 
a professional player ends in certain minf 

This proposition is of tbe highest so<aal importance, and Ampere was 
anxious to demonstrate it without borrowing the conditions used by 
the distinguished naturalist, and the not less celebrated Daniel BemonllL 
Such was the principal object of the work, which appeared in Lyons in 
1802, with the modest title of "Considerations sur la Ikeorte matk^inatt- 
quedujeu" — "Befiections on the mathematical theory of chances," in 
which the author proves himself an ingenious and practiced calculator. 
His formulas, full of elegance, lead to purely algebraic demonstrations 
of theorems, seeming to retjuire the application of the differential 
analysis. The principal question, moreover, is found completely solved. 
The course followed by Ampere is clear, methodical, and faultless. 
He first e8tablishe<l that, between two pei-sous, equally rich, the mathe- 
matical principle of Pascal and Femiat, the proportionality of the 
stakes to the favorable chances should inevitably be the rule of the 
game; that inequality of fortunes should give rise to no change in this 
general rule when the players have decided to play but a limited num- 
ber of games, so few that neither shall be exposed to the total loss of 
all his fortune; that the question is changed if there should be an in- 
definite number of games, and a possibility of continuing the play a 
longer time, thus giving to the richer player an incontestable advant- 
age, which rapidly increases, in proportion to tUedifference of fortunes. 

Tbe disadvantage of one of tbe players becomes immense if his ad- 
versary be very much richer than he, which is always, and very evi- 
dently, the case of tbe professional player, who plays with every one. 
The whole number of players against whom he plays is to be considered 
as one single individual endowed with an immense fortune. In games 
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where the chances are eqaal, and where skill is not reqaired, the pro- 
fessioDal [ilayer may be sure, in dae time, of certain rain — a fact estab- 
lished beyond dispute by the formulas of Ampere. 

The empty wonls "good luck," "chance," "Incky star," "lacky mn," 
can neither hasten nor retard the execution of a sentence pronounced in 
the name of algebraic authority. 

There ia a school, calling it«elf the utilitarian, which has inscribed 
on its banners three formidable words, A quoi bonT "Of what use I" 
and which, in its bitter warfare against what it calls material and intel- 
lectual Bui>erfluide8, wonid commit to the flames our flue libraries and 
splendid museums, and reduce us to the necessity of eating acorns as 
our fathers did. These adepts would now ask me, How many gamblers 
have Amp^r^s calculations reclaimed! 

I confess uow, in advance, with all humility, and without intending 
to reflect upon the memory of our colleague, that the work just analyzed 
in detail has not, perhaps, reclaimed one ^ngle individual infected 
with the inveterate mania for play. The remedy has not taken effect; 
but can it be proved it has often been applied! Have there ever been 
professional players sufficiently versed in algebra to understand the 
formulas of M. Ampere, and to appreciate their perfect accuracy! You 
would be sadly mistaken, too, if you fancied that the certainty of losing 
would deter every one from gambling. My doubt seems paradoxical, 
certainly; I will endeavor to justify it 

Some years since in Paris, I made the acquaintance of a distinguished 
foreigner, of great wealth, but in wretched health, whose life, save a few 
hours given to repose, was regularly divided between the most interest- 
ing scientific researches and gambling. It was a source of great regret 
to me that this learned experimentalist should devote the half of so 
valuable a life to a course so little in harmony with an intellect whose 
wonderful powers called forth the admiration of the world around him. 
Unfortunately there occurred ^actuations of loss and gain, momentarily 
balancing each other, which led him to conclude that the advantages 
enjoyed by the bank were neither so assured nor considerable as to pre- 
clude his winning largely through a run of luck. The analytical formu- 
las of probabilities offering a radical means, the only one perhaps of 
dissipating this illusion, I proposed, the number of the games and the 
stakes beiug given, to determine in advance, io my study, the amount, not 
merely of the loss of a day, nor. that of a week, but of each quarter. 
The calculation was found so regularly to agree with the corresponding 
diminution of the bank-not«s in the foreigner's pocket-book that a doubt 
could no longer be eutertaiued. 

Did the learned gentleman renouncegambling forever! :No, gentlemen; 
for a fortnight only. He declared that my calculations had completely 
convinced him ; that he would no longer be the ignorant tribntary 
of the gaming-houses of Paris; that he would continue the same 
kind of life, but without the litad excitement of hope and fear that led 
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him on before. " I aliall no longer," he added, " be in ignorance of the 
fact thnt the 50,000 fraiite of my fortuoe coDsecrated to play will \)taa 
into other hands. I am resigned to it perfectly; but I shall no longer 
be, in the eyes of the world, the dnpe of an absard delusion. I shall 
coDtione to play, because the snperfluoaa 50,000 fhincs expended in any 
other way would he unable to excite in my feeble frame, undermined by 
BDfferiug, the lively sensations alone aroused by the varioas combina- 
tioDS, fortunate and adverse, displayed every night on the green carpet!" 

A little reflection will prove that these words are not a mere para: 
phrase of the well-known witticism of a celebrated statesman; "After 
the pleasure of winning, I know none so great as that of losing.'* 

It would be doing injustice to mathematical science if I attempted to 
defend its formulas against the reproach of not having foreseen that 
the passionate storms, resulting f^m play, which sweep the bosom would 
not always prevail over the soft and touching gratification men of means 
might daily enjoy in applying their wealth to the alleviation of haman 
misery. The passions, although of divine institution, as a woman of 
the world ouce said, are so protean that it would be a vain effort on the 
part of mathematics to entwine them in their regular and methodical 
meshes. But, again, if science has failed in such a task, the misfortune 
is shared by the dialectics of the moralist, the eloquence of the pulpit, 
and even by the sweet persnasions of the poet. I have read somewhere 
that Colbert on one occasion wished to dissnade the monarch whom he 
had never failed to serve with devotion and ability from undertaking a 
certain war. Boileau, promising to aid him in his effort, addressed to 
Louis XIY that beautiful letter containing a seductive picture of the 
delights of peace, and, among other remarkable passages, the lines on 
the Emperor Titus, that live in the memory of every one : 

Qui rendit de son ^ong I'nnlvers amourens ; 
<ja'on n'ulla jamais voir sans revcoir heiiraox ; 
Qui soupirait, lo Soir, si sn main fortune 
N'orait par ses bioufaitesiguul^sajouni^. 

Who 1e<l the world captivo, yet cbaiTned with its chain, 
Fiom whom lio one coulil part n'ithont joy in his ItrenBt, 

Whose cvcnin-^ were sadikiieil and shallowed with puiu, 
Wlien closing a day that Lis hand had not blest. 

These lines touched the heart of the king. He caused them to he 
read aloud to hini three times, then ordered his horse to be saddled, and 
fiti^ghtway joined the army. 

AMPfcEE'S POETICAL COMPOSITIONS. 

Ampere composed, in his early youth a tragedy on the death of Han- 
nibal, in which are to be found some excellent poetry and the noblest 
aentimentS. I must add here, that during his sojourn in the principal 
town of the department of Ain, his mind was not so completely ab- 
Borhed in science, that he could give no time to the study of literature 
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and the bigbcr kinds of poetiy. Take for example a letter handed t« 
me recently, by our learned colleague M. laidore Geoflroy, from Bonrg, 
and read by him, the 26tb germinal^ year XI, before the Emalation 
Society of Aiu, begiuoing thus: 

Vona voalez, done, bello Emilie, 
Que lie Giesaet uu d'Homllton 
D^robant le leger crayon, 
J'aille chcrclicr dann ma folie, 
Sill les rosiers do I'H^licon, 
. S'il teate eucor queliiuo bouton 

■iii-H nil 41 A 



Then, woaldat thou, taireat Emily, 

Havu me eteal tlie jwneil free 
Of Gressetoi' o( Hamilton; 

ADd wend my way to Helicon, 
To see if on the rose trees there 
8ome bnda remain, they well could Bpar* 

From all the flowers they have cnlled 
To glean aome hud thoy well could apare 

To be for thy aoft bosom pulled. 

I am not sore that the beautiful Emily was not ooe of those Imagi- 
nary beings so lavishly invested by poets with perfections of their own 
creation ; but the friends of Ampere will remember that the eminently 
good, beautiful and distinguished woman, who had uuited her destiuy 
with bis, bad otten inspired his muse; many will recall some lines, 
whose first appearance excited no little sensation ; 

Que J'aime a m'^garer dans cea routes flenries, 

Oil ja t 'ai vue errer soiia un dais do Ulaa; 
Quo j'aime a rip6tor am nymphca att-ondriea, 
8ur I'berhe oh tn t'ossis, lea vers que to chautaa. 



Tia Bweet my wandering steps to lose 

Alans the path of flowers, 
Where li^'hter feet were wont to choose, 

Their way mid lilac bowera: 
And on the tnrf that thou hast prest, 

To breathe forth once again, 
The aong that made the wood nymphs bleet, 

Thine own enchanting strain. 

They lie around, those jasmins fair 

With which I deck'd thy brow ; 
That privet, it hath tonehed thy hair, 

To me 'tia aacred now. 

A certain mathematician once made tbe sad mistake of publishing 
some verses, faultless as to measure and rhyme, but without other 
merit. A witty lady, hearing them read, remarked that the author 
of the lines, after the example of M. Jourdain, tcrote prose trifAowt 
knoKing it. Many writers, called poets, though never having passed 
through a course of geometry, have fallen into the same error, A 
satirical remark, however, cannot revive the so often silenced question 
of tbe chilling influences of scientific studies. Sach names as those of 
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Plato, LncretinB, Descartes, Pascal, Haller, Voltaire, and of J. J. Rous- 
seau, efl'ectaally settle it; and should the discuasiou be ever renewed, 
Amp^re^B letter, several lines of which I hare just quoted, could be 
cited with advantage, and his name added to the distinguished list. 

Yoa may think, [lerhaps, geutlemeu, and not without reasou, that I 
have lingered too long over the poetical works of Ampere. I would 
liks to remind yoa of the four lines, not more, address&d to tbe cele- 
brated Ninon de I'Enclos by the great geometer Huygens, and so 
uncharitably revived by literary writers. The law of retaliatioQ 
authorizes me to contrast, vith this unlacky quatrain, the scientific 
errors of different poets. Boileau might figure in our polemics, If we 
Ihooght it advisable, as but a sorry votary of the learned Urania, 
proved by tltese two lines from bia Satire on Women : 

Qdo I'aatrolabe en main, one autre aille cbercliur, 
Si le Buliel est fixe on tourne lar son axe — 

" Let another try to discover, with the astrolabe in hand, whether the 
snn is fixed or whether it tmms on iU axis.'" 

The worthy Abb6 Delille did not prove himself more orthodox, when 
be attributes, in a passage in his inaugural, the more brilliant coloring, 
rapid growth, and greater fragrance of the tropical productions to the 
t]act that tbe Sun warms them/rma a nearer point. 

This remarkable instance of scientific knowledge is worthy of being 
ranked with that conveyed io the line of a man, who surely had never 
doubled Cape Horn, nor even read Cook's voyages ; a line which should 
have suggested to the writer to knock from beneath him tbe Parnas- 
sian ladder — 

From the frozen t« tbe 'bunting polo I 
But it seems to me, gentlemen, that within these walls instead of 
looking for poets who are not savants, it would be better to cite savants 
who have been something of poets. 

A3IPfeEE, SUMMONED TO PARIS, BECOMES TtlTOE, AND AFTERWARDS 
PEOFESSOB OF AMALYSIS, AT THE POLYTECHNIC SCHOOL. 

Lalande and Delambre were delighted with the analytical work of 
the young professor of Bourg on the calculation of probabilities ; they 
summoned him to Paris, and gave him the position of tutor in tbe Poly* 
techuic School, where he acquitted himself with great credit, but not 
nithont encountering many trials, results of the retired life he had pre- 
viously led. Badly advised by friends ignorant of the customs of tbe 
place, Ampere made his appearance before bis classes, in a school almost 
military, dressed in a fashionable black coat, miserably made by 
one of the moat nnslcillfnl tailors of the capital ; and for several weekt 
this nnlocky garment was a source of such distraction to more than a 
hundred young men that they were unable to att«nd to the treasorea ot 
science falling from the lips of the savant. 
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T.ie tutor, feariag the charactera on the black-board are not snfficient- 
ly distJDct to be s^n by the more distant members of the claaa, verj' 
naturally endeavors to remedy the evil by iDcreaslDg their size. In 
the discnssiou which usually follows the lesson, with the yoang men 
gathered aroond him, several of them, iu a spirit of mischief, exagger- 
atiug their want of sight, induce the benevolent professor to increase 
the size of tlie figures by degrees, until the immense black-board, Jar 
from affording room for iutricate calcnlations, can scarcely give place to 
a few figures. 

Absorbed finally in the elacidation of a difficult theory, in the heat of 
demonstration he mistakes the mbber covered with chalk for bis hand- 
kerchief. The account of this certainly very innocent mistake, amplified 
and magnified, passes &om rank to rank, until, when be appeared again 
before them, he was no longer the learned analyst of their admiration, 
but the innocent object of their mirth ; his moments of abstraction, so 
eagerly watched for, being hut signals for ridicule too long anticipated 
to be willingly relinquished. 

Tou now know, gentlemen, the rocks upon which the knowledge and 
zeal of the worthy professor were bo otlen wrecked. 

PSTCHOLOGT, METAPHTSICa, AMPfcBE'S FASSTON FOB THEM. 

At the same time as geometrician and metaphysician, Ampere, 
from his first arrival in Paris, moved in two distinct societies ; the only 
feature of resemblance being the celebrity of their members. In one. 
were to be found the first'Class of the ancient Institute, the professors 
and examiners of the Polytechnic school, and the professors of the col- 
lege of France. In the other, Oabanis, Destntt de Tracy, Maine de 
Biran, Degeraudo, &c. 

Here tbe efiTort was to fathom and analyze the mysteries of the mind. 
There this mind, in such measure as nature has bestowed it, and as edu- 
cation has improved and enlarged it, was each day piwluciug new 
marvels. The psychologists sought tbe paths that lend to discoveiy; 
the geometers, chemists, and physicists were actually making discover- 
ies. Without devoting too much time to the manner iu which it was 
done, they discovered sometimes the analytical formulte now actually 
inclndiug the laws of the movements of the stars ; sometimes the sub- 
tile rules of molecular actions, which, while giving us the clue to the causes 
of a great number of natural phenomena, throw light upon the operations 
of art, and developed national wealth. They made themselves roas- 
ters finally, ofthe new properties oflight, electricity and magnetism, which 
have given so much brilliancy to the first years of this century. Vibrat- 
ing between these two schools, if tbe term may be allowed, Ampere's ar- 
dent imagination daily endured the severest trials. I am not able to 
say, with any certainty, how tbe exact sciences were regarded by meta- 
physicians ; but I know that geometers and chemists held in very slight 
esteem, investigations purely psychologicaL 
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Tbisenor, for I am very macb inclined to believe tbia was an error, 
will be Botuewbat lessened in the eyes of those wlio will take into con- 
sideratiou tbat in metaphysics every thing ie connected, linked and 
boand together like the meshes of tlie most delicate tissue, in sach a 
manner that a principal cannot be detached from the whole number of 
definitions, observations, and hypotheses from which it emanates, with- 
out losing moat of its apparent importance and perspicuity. When 
Ampere, still warmly excited by the conferences be had jnst held with 
the ppycbologiats, strove madly, I mean without preparation, to hurl 
VSmestheae, for example, inco the midst of a reunion of geometers, pliy- 
sieiste, and naturalists, when still under the influence of his enthusiasm, 
he miiititained that an obscure word, or at least one not understood, con- 
tained the most beautiful discovery of the century, was it not natural 
he shonid encounter skeptics 1 This would have been of no conse- 
quence if the extreme amiability of our associate had not allowed the 
skeptics whose role is to ridicule, to usurp the place of those whose 
doubts were serious, 

I find in the manuscript correspondence, to which I have access 
thrungb M. Bredin, that Ampere bad contemplated while in Paris the 
publication of a book which he intended to call " Introdueilon to Phil- 
osopby." 

The famous anathema of Xapoloon against ideology did not discour- 
age liim ; it seemed to bim rather to contribute to the propagation of 
this kind of studies than to its suppression. Our associate continued 
to eluborate his Theory of Relations, his Theory of Exiatenee, of Suiijeo- 
ticc and Objective Knowledge, and of Absolute Morality. 

He considered himself incapable of throwing sofQcient light on sub- 
jectR so difficult to treat without submitting them to animated verbal 
dixcuBsions. Unfortunately the so ardently desired opportunities were 
not to be found in Paris at that time. Maine de Biron bad returned to 
Berjerac, and among the remaining inhabitante of thatimmensecapital, 
not one seemed to feel any interest, from a metaphysical point of view, 
in subjective, objective, and aljsolnte morality. Ami>^re then turned 
his eyes in the direction of the friends of his youth, and resolved to re- 
turn for a short time to Lyons. The terms of the visit were strioHy 
arranged; a certainty of o( least four afternoons a veelc devoted to dis- 
cussions on ideology , a formal promise tbat each day should be read 
and examined with a view to correction in composition and perspicuity, 
the subjects of each day's study. Although 1 have not at hand the t<.'Xt 
of tlie replies received by Ampere I haveevery reason tobelicve they were 
far from giving bim satisfaction. " How woaderflil is the science of psy- 
chology 1" he wrote to M. Bi-edin, " and most unhappily for me, you no 
longer feel an interest iu it, is it necessary, besides to deprive me of all 
earthly consolation, he said, to know we no longer sympitthize on meta- 
physical subjects. * * ■ About the only thin>; which interests me, 
98 
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yoD no longer tbink as I do. * * * This creates a fri^btful void in 
my soul." 

Ampere's friends in LyonK had found his psychology somewhat dry 
»ud uiiimte. They tried to iudiico bim to return to the exact sciences, 
but our associato replied to them in a lyrical strain, " How ciui I abandon 
a countrj^ full of flowers and freeh, running waters ; how give up streams 
and groves for deserts scorebed by the rays of a mathematical son, 
which, diffusing over all surronnding objects the most brilliant light, 
withers and dries them down to the very roots ! • • • How much 
more agreeable to wander under flitting shades than walk in straight 
paths, where the eye embraces all nt a glance, and where nothing seems 
to fly before us to incite us to pursue !" 

It was my desire to seek the fresh groves discovered by Ampere and 
to try to persuade you to enter them with me j but, alas ! accustomed 
by yonr ad\'ice and example to prize above all things in matters of sci- 
ence, straight aud well-lighted paths, my dazzled eyes found hot pro- 
found darkness where the piercing eyes of onr ingenious friend wer« 
privileged to see brilliant semi-tints. Without the guide of Ariadne's clae 
it would be in vain to attempt Ampfere's manuscripts, I should be afraid, [ 
mnstacknowledge,ofbeing forced, as Voltaire wasformerly,to place at the 
end of each metaphysical proposition the twoletters X. L., traced by the 
style of the Roman magistrate, when the cases seemed too obscnre to 
allow a well-grounded Judgment. But non liquet, (it is not clear,} too fn:- 
qiiently repeated, in spite of perfect sincerity, would have worn an air 
of alTected modesty to be avoided at any price. 

Is my extreme diffidence to be condemned ! It would not be difficult 
to Justify it by pointing alone to the arrogant contempt each psychologi- 
cal school casts apoo its rival, and that through the organ of its most 
eloqtient propagandist.^. 

Listen to what I will read to you from the lectures of one of its most 
celebrated teachers, Laromiguii^re, '' What is a science which has 
neither flxed nor invariable methods; which changes its nature and its 
form at the will of those who profess it 1 What is a science which is 
no longer to-day what it was yesterday ; which by turns boasts as its 
oracles Plato, Aristotle, Descartes, Locke, Leibnitz, and so many others 
whose doctrines and methods seem to have nothing in common! In a 
word, what is a science, not only whose existence, but whose possibility 
is questioned T " 

But Amp6re bespoke in advance all my reser\'e when be exclaimed. 
These last have only uttered what is eminently Just and true, when in 
comparing the trao metaphysicians of the schools of Kant and Scbel- 
ling with the followers of Ucid and Dugald Stewart, they said, the last 
are to the first what good cooks are to chemists. 

I will leave to the most competent Judges of future times to assign to 

> Ampere a place amongst psychologists. Nevertheless, I may now affirm 

thnt (lie wondiTfuI powers of penetration and the rare faculty of reach- 
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ing \fuie generaHzatious from minute detail miiBt have distingnished 
his metaphysical rescarclies, since it Bhone with such brilliancy in 
works on physical mathcmatica the most solid, or, if yon prefer, the 
moat generally recognized and the most iodiepatablo foundation of bis 
scientiliG fame at the present day. Ampere, in metaphysics, as nearly as 
the subject would permit, approsimated to the experimental method. It 
certainly is not from bis mouth that proceeded those incredible words 
itttributed to a psychologist, " I despise you as I do a fact," 

He, on the contrary, held facts in the highest favor. Ileshowed great 
fcrtiUty in combining them with his theories. When, though rarely bis 
cGforts in this line were fruitless, theories were immediately changed or 
abnndoncd. Amongst my hearers there are probably some to whom 
these words will recall both the first ideas of onr associate on the instinct 
of animals and tlie manner in which he modified them. The eircnm- 
stances of this sudden change seem to merit being preservod. 

Among the most prominent of the many vexed metaphysical ques- 
tions is, whether animals possess the powers of reasoning, or are solely 
gaided by instinct — a qaestion which will, perhaps, be better understood 
by presenting it in these terms : Must we, with Aristotle, concede only 
feeling and memory to the brute creation f Is it true they are without 
the facnity of comparing their actions and drawing conclusions T Am- 
pere, avowing himself on this point a decided peripatetic, in the pres- 
ence of several of his friends, one of them related, in opposition to his 
views, the following anecdote ; 

" Being overtaken one night, not far from Montpelier, by a violent 
storm, I took refuge in an inn, in the first village I found on my road. 
The death of a lean chicken was the immediate result of this unex- 
pected visit. The cook, placing the almost fieshless fowl on the spit 
immediately tried to seize a terrier, which, when introduced into a 
rotatory drum of quite large dimensions, nnder the mantel-piece, was to 
perform the office of moving the combinatious of weights, springs, and 
cogged wheels now found in the humblest kitchen, but then, in the 
center of France, a great rarity. The terrier absolutely refused to per- 
form the duty assigned him ; be would yield neither to blows, threats, 
nor caresses. So much flrmuess, resolution, and courage attracting my 
attention, I inquired if the poor beast were making his first trial. 
Poor beast t some one replied, ill-naturedly and ronghly, he does not 
deserve your pity, on my faith ; for such scenes take place every day. 
Do you know why this fine gentleman retaaes to turn the spit T Because 
he has decided, in bis head, that he and his comrade must divide the 
labors of roasting exactly regularly between them. I now remem- 
ber he was the last to turn the spit, and he now concludes this is Ttot his 
turn to worlc. 

" The words, it is not his turn lUnr, seemed to me to include a world of 
meaning. At my request the stable-boy was sent into the street to 
tetch the second dog. This one showed the most exemplary docility ; 
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tlie rotatory drum received liim, aod he would &ooit have finished the 
task it', wishing to complete the experiment, I had not caused him to be 
removed io order to give the refractory dog a new trial. The refractory 
dog, ickose turn Kad now come, oheyed the llrst signal of the cook, enterc^d 
the rustic tum-spit without resistance, and went to work like a. squirrel in 
its cage. 

"Dues it not follow from this, my dear Am^t^re, that dogs can have 
the consciousness of the just and the unjust, leading them to lay out a 
rule for themselves, and to endure corporal puni.shmcnt rather than 
allow any violation of itT" 

Amiiire'a features so keenly expressed the interest he took in the 
recital that you might have fancied he was about to exclaim with Lac- 
tance, *' Except in matters of leligion, the hrnte creation share all the 
advantages of the human race." However, oar associate did not press 
the matter as far as the Ckriatian Cicero. WTiile modifying his former 
views on iuBliuct, he merely admitted that animated beings, taken in 
the aggregate, exhibit every jmssible degree of intelligence, from the 
lowest up to that which, to adopt the expression of Voltaire, might in- 
spire with jealousy the familiars of Jove kimself. 

1 shall not leave this eubject without giving another example to show^ 
in spile of his extreme animation iu discossiou in the main, liow 
true and tolerant Ampere was, and how free from the malevolent pas- 
sions that unconceived ideas and conceit usually bring in their train. 
In somt' muuuscri[>t notes of a professor of Lyons, Jl. Bredin, with 
whom Ampere studied the metaphysical doctrine of the absolute, I find 
these exact wonls: "Fen/ animated dincussions daily arose betireca «*, 
and in them oiiginated that holy and iadiasoluble friendship ichieh luia so 
firmly united us." 

A writer of romance would fancy he was doing violence to probar 
bility by plauing Mendsbip among the possible consequences of heated 
discuiisious. A presumption so unparalleled could only be tolerated in 
the land of fable. 

MATHEMATICAL LABORS OF AMP£:EB. 

Such a man as Ampere often puts tbo self-love of his biographer to a 
severe trial. I was obligetl just now to shrink from psychological 
researchcH whose importance and depth I could not reach; and here 
agiiin I am forced to confess that an intelligible analysis, in common 
langui:gi', of the works of our associate on pure mathematics, is beyond 
my piiu-crs. Nevertheless, as in these works figure the metuoinj 
whi<;Ii, alter the death of Lagrange in 1813, opened the doors of the 
Ac::<hi:iy to our friend, they ought to be mentioned, if only by their 
titlrs. 

Tlie advontnroas mind of Amii^re was always fond of questiooa that 
the fruitless cflbrts of twenty centuries had pronounced insoluble; he 
was never happier, if I may be allowed the expression, thtm when 



.„Googlc 



EULOGY ON AMPEEE. 133 

nptnmiDg tbo priuviples of science. I must ackuowledge I was Dot a 
little aatoDisbed not to iiod biin stniggliog with the quadratare of the 
circle. This inexplicable hiatus, ia tbe youth of oar aeisociate, has just 
beeu filled. A manuscript note from the secretary of the Academy of 
Lyona apprises me that, on tbe Sth of July^ 178S, Ampere, tbeu thir- 
teen years of age, addressed to that learned body a paper relating to 
the celebrated problem jnst mentioned. Later during tbe same year 
he submitted to the examination of bis compatriots an analogous memoir, 
eutitled " The rectification of any arc of a circle leas than Vte semicircum- 
ference.^ Tbese memoirs have not reached us. If tbe manuscript note 
sent to me can bo relied uiion, young Ampere, not only did not think 
the problem insoluble, but flattered himself be bad almost solved it. 
•Scruples, respected by me without being shared, demanded the siKri- 
fice of this anecdote. It certainly would have been a very small sacri- 
iice, but I did not consider it consistent with my duty to make it. Tbe 
scientific weaknesses of men of a very high order of intellect are lessons 
iiaite as nsefal and profitable as their successes, and the biographer has 
no right to cover them with a vail. Is it quite certaiu, too, that there is 
anything here to excuse or conceal; that a geometer need blush for 
efforts made in his childhood, or even at a riper age, to square the cir- 
cle geometrically f To sustain, however, such a proposition, we bare 
only to recall the fact that antiquity presents to ns, as deeply engaged 
in tbia problem, Anaxagoras, Meton, Hippocrates, Archimedes, and 
ApoUonius; and to these we may add the modern names of Soollius, 
Iluygens, Gregory, WallisandfTewton; and,fiually,thatamongstthose 
whose sagacity tbe quadrature of the circle has set at defiance — I mean 
who have been involved by it in palpable errors there are many who 
have, in other respects, rendered genuine service to scieoco;for example 
J. B. Porta, tbe inventor of the camera-obscura ; then Gr^gou^ de 
Saint Tincent, tbe Jesuit, to whom we owe the discoverj- of tbe won- 
derful properties of hyperbolic spaces terminated by asymptotes; Lou- 
gomontanus, tbe astronomer, &c., &c. 

If your mind is engrossed with the idea that, in order to justify their 
efibrts to square the circle, others will cite hereafter, to their advan- 
tage, the attempts of a child of thirteen, I reply unhesitatingly — for my 
academic duties bring me frequently in and personal relations with the , 
squarers of the circle — that authorities have absolutely no weight in their 
eyes; that they have long since entirely separated themselves from every- 
thing that bears or has borne the nameof geometer; that Euclid himself, 
in hit) principal theorems — for example, that of the square of the hypothe- 
iiense — seems to them scarcely worthy of trust If a mania — I was on 
the poiut of saying a furor which manifests itself especially in spring, 
as proved by experience — could ever be amenable to logic, it would be 
necesaarj', in order to battle it successfully, to distinguish more carefully 
Vbsa has ever yet beeu done tbe various aspects under which the prob- 
\wQ at the quadrature of tbe circle ought to be considered. An example 
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of cure under my own eyes might give mc some confideacc in this mode 
of treatment. 

The first, according to date, of all the mathematical memoirs of Am- 
pere, printed after his arrival in Paris, relates to a question of elemen- 
tary geometry. This memoir, presented to the Academy of Lyons in 
1801, appeared in the pablication of the correspondence of the Polytech- 
nic School Id the month of July, 1800. A few words will suffice to de- 
scribe the eud Ampere proposed to himself. 

There is iu elementary geometi? a proitosition so evident that it may 
properly be regarded as an axiom. It is this: 

If two Uues situated in the same plane are parallel, or, in other words, 
if, prolonged indeflnitely, can never meet ; and if a third line, forming an 
angle at any point with the first of the two parallels, be indefinitely ex- 
tended from the poiut of iotersection, it will cut the second. Ko one can 
feel a doubt about this theorem, although all the efibrts of the most cele- 
brated geometers, the Euclids, the Lagrangcs, the Legendres, &c., to add 
to its natund evidence by way of demonstration, properly so-called, have 
been fruitless. 

The geometry of solid bodies, had offered, up to the present time, a 
proposition whose truth was quite as evident, and that, nevertheless, 
had never been demonstrated. I refer to the equalityof volume of sym- 
metrical polyhedrons. Two oblique polyhedrons have the same base 
situated on a horizontal plane ; one is enlirely above the plane, the 
other entirely below. Their faces ai-e similar and of the same length ; 
moveover, their inclinations correspond exactly to a common base. To 
give the same idea in different words — one of the two polyhedrons being 
consideied as an object, Che other would be its image reflected on the 
plane of the common base, if that plane were a minvr. 

The object of Ampere's treatise is to demonstrate the equiilltjr of these 
two polyhedrons^ and it can be affirmed that, on this poiut, in the sci- 
ence of geometry there is notliing more to desire. 

lu 1803 M. Amptre addressed to the institute a very finished work, 
which, however, was not given to the public until much later, (1808,) 
entitled " T}-eatise on the advantages to be derived, in the theory of curvea, 
from due consideration o/osculatcry parabolag." We also find a treatise by 
Amp6re dated the 26tb fiorial year 11 which was published iu the first 
volume of tbe collection of the foreign savants of the Academy of 
Sciences. This is its title " Investigations on tite application of the gen- 
eral formulas of the valculus of variations to problems in mcckaniciiP 

The formulas of equilibrium, given by the immortal author of ana- 
lytical mechanics, have a form analogous to that of the equations that 
the calculus of variations turnishes for the determination of the max- 
ima and minima of integral formulas. Ampere thought that this simili- 
tude of form, previously noticed by Lagrange, would afford him the 
means of avoiding, in the solution of questions iu statics, the trouble- 
some integration by parts. The analogy is not as complete as might be 
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thought at first sigbt The ordioary foraiolas require to bo vUunged 
io order to be used ia the solution of problems of mechanics. Ampere 
gives these tran^formatioDs and applies them to the ancient problem of 
the catenary. 

This problem, which consisted in determiuiug the curve formed by au 
iiiexteusiblecbaiu of uniform weight Tvhen attached to two fixed poiuts, 
is famous under more than one name. Galileo tried, ineffectually, to 
solve it. His conjecture that the curve nought might be a parabola, 
was found false, iu spite of all the paralogisms accumulated by F^rea 
Pardies, and de Lamis to prove its accuracy to the singular adver- 
sary who brought to _opi>08e tUem proofs from mechanics. Id 1601 
Jaques Bernoulli challenged the scientific world with the same problem. 
Only three geometers had the courage to take up the gauntlet — Leib- 
nitz, Hnygens, and Jean Bernoulli, wbo, we may remark iu passing,' at 
this time, evinced the first symptoms of his jealousy of his master, bene- 
factor, and brother; thus demonstrating that the lore of fame is capa- 
ble of becoming the most ungovernable, most unjust, and blindest of 
tb« passions. The four illustrious geometers were not content to give 
the true differential equation of the curve; they also pointed out the 
consequences deduced from it. Everything now seemed to authorize 
the belief that the subject waa exhausted; but this was a mistake. The 
treatise of Ampere contains, iu fact, new and very remarkable proi>ertie8 
of the 9ateuary and its development. There is no small merit, gentlemen, 
in discovering hiatuses iu subjects explored by such men as Leibnitz, 
Huggens, and the two Bernoullis. I must uot forget to add that the 
analysis of our associate unites elegance with simplicity. Ampere 
gave, moreover, a new demonstration of the celebrated mathematical 
relation known as Taylor's theorem, and calculated the Unite expression, 
neglected when the series are arrested at any term whatsoever. 

Called to the chair of mathematics at the polytechuic school. Ampere 
could not fiul to seek a demonstration of the priuciple of virtual vdoci- 
ties, disengaged from the consideration of infinitesimals. Such is the 
object of s treatise published iu 1806, in the thu'tcentb number of the 
journal of the school. 

Whilst candidate for the position lett vacant by the death of La- 
graoge in 1813, Ampere pi'c»eiited to the a«^ademy, first: General con- 
niderationg on the inht/rals of equations of partial differences/ aud 
afterwards, an application of these considerations to the integration of dif- 
ferential equations of the first and second order. These two treatises give 
Kupcrabandant proof that analysis, in its most difficult form, was per- 
fectly faniiUar to him. 

Amptre was not inactive alter becoming a member of the academy ; 
he busied himself with the applicatiou of analysis to the physical 
bcieoces. Amongst these productions we may cite : 

1. Demonstration of the laics of tnariotre, read at the aciidemy Jan- 
uary 24, 1814. 
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2. Demciuitraliotts of a new theory, from which can be deduced all ike 
latPB of refraction, ordinarg and extraordinary ; read at the academy 
March 27, 1815. 

3. A inemoir on the determination of the cvrved svrfaeai of luminous 
waves in a medium xchoae eUtaticity differs in thre^ dimensions ; read at the 
Aoadomy of Sciences August 26, 1828. 

AilPfeBE'S UESEAUrmiS IS TIIE SCIEKQE OF BLECTEO-UYXAMRri, 

Amongst tlicwoi'kB of our fiicnd there is o^e^yhich excels all the oth- 
ers; it constitutes, iu itself, a beautiful science, audita name, "Electro- 
dynamics," will ever be inseparably linked with that of Amp<;ro. Instead 
of presenting to your thoughts twenty different subjects in succession, 
permit me to concentrate them for a time on the vast and teeming con- 
ception of our friend, happy if I succeed in disengaging it from any 
apL>earaDce of obscurity and ambiguity it may have presented up to 
this time, and thus show tbe elevated rank which will entitle it, 
with the most beautiful discoveries of the age, to the gratitude of pos- 
terity. Wbilesomanyof the ancient and modern sciences were making 
rapid and momentons progress, the science of magnetism bad remained 
almost stationary. We have known that, for centuries at least, bamot 
iron, and more especially of steel, freely supported, turn toward the 
uorth. Tbis curious property has given us tbe two Americas, Austra- 
lia, the numerous arcbepelagoes, and the bnndrods of isolated islauds of 
Oceanica, &c.; it is to it this, in cloudy and foggy weather, the mariner, 
plowingthe migbty oceans, has recourse, to guide and direct his ship; 
no tnith in physics has had resultsso colossal. Ifevertbeless, until the 
present time, nothing had been discovered regarding the nature of the 
peculiar modtflvation undergone by a bar of neutral steel during the 
mysterious — I had almost said, cabalistic — operations which transform 
it into a magnet. 

The whole pheuumcua of maguetism, the diminution, the destruction, 
the inversion of tbe polarity of the needle of the compass, occasioned 
sometimes on ships by violent discbarges of ligfatniug, seemed to estab- 
lish some intimate connection between magnetism and electricity. Kev- 
ertheless, the hibors, ad hoc, undertaken at the request of several acad- 
emies in order to develop and streugtbeii this analogy, led to so few 
decisive results that we read, in a programme by Ampdre himself, printed 
in 1802 : 

"The professor will demoiistrate that the electrical and magnetic phe- 
nomena are owing to tiro different fluids, which act independently of 
each other." 

Sciences bad reached tbis point when, in 1819, tbe Danish physicist, 
<Er8ted, anuounced to the learned world a fact, wonderful in itself, but 
more so especially from the consequences deduced from it ; a fact the 
memory of which will be transmitted from agetoage,aslongas science is 
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honored aiuougst lucii. 1 will try to give a clear ntid exact idea of this 
mostimportaDt discover^'. 

Tlie Toltaic pile is terminated at its extreinitiee, or, if you prefer as 
an csprcsaioD more suitable, at its two poles by two dissimilar metals. 
Let ns suppose, for esample, the elements of this wonderful apparatus 
to be copper aod zinc ; if the copper is at one of the poles the zinc 
will inevitably be at the other. The battery, with tbe exception of some 
Kligbt traces of tension, is, or at least seems to be, completely inert as long 
as the extreme poles are not put iuto commnuication by meaua of a sub- 
stance conductive of electricity. A metallic wire is generally used t» 
connect the two poles of the battery, or, which amounts to tbe same 
thing, to put the app anitn» iu action. This wire is then called the con- 
junctive wire. 

A current of electricity passes along the whole length of tbe con- 
ductor, and circulates uninterruptedly through the closed circuit, result- 
ing fronr the nniou of the wire and the battery. If the battery is very 
I>owerful, the current will be equally so. 

Physicists had for a long time kuowu how to impart to an insulated 
metallic wire a large quantity of electricity iu repose, or electricity of ten- 
sion, as it is called in treatises on physics ; they also know how to trans- 
mit electricity along wires not insulated in very large quantities ; but in ■ 
this case the passage was sudden and instantaneous. The first means 
of combining intensity with duration in currents of electricity is fur- 
nished by the galvanic battery, with which a discharge, more )K>werfhl 
than could be produced by tbelargest ancient machines for the millionth 
part of a second, is here given for hours together. Does the con- 
junctive wire, the wire along which a quantity of electricity jMt«»c« wn- 
mterrupteeUy, acquire, in consequence of this movement, any new prop- 
erties! To this question the experiment of ffirsted replies nfiirmatively 
in the most striking manner. 

Let us place a wire of a certain length, of copper, silver, platina, or 
finy other metal without appreciable magnetic action, above a horizontal 
compass, and parallel to its needle. The presence of tbe wire will have 
no effect. Make no change in tbe first arrangement, but join, either 
directly or by intermediary long or short wires, tbe two extremities of 
the parallel wire to the two poles of a voltaic pile ; or in this way let 
us transform the insulated wire iuto a conjunctive wire, along which a 
]>ennanent current of electricity passes, and at that very instant the 
needle of tbe compass will change its dii'ection ; if the battery be feeble 
the deviation will be inconsiderable ; but if the battery be very Strang, 
notwithstanding tbe action of the earth, the magnetic needle will form 
an angle of nearly 90^ with its natural position. 

I have snpposed the conducting wire abore tlie magnetic needle, 
placed below the phenomenon would be the same with regard to qnantitir, 
qut exactly opposite as to the direction of tbe tieviation. The conjunc- 
tive wire above would impel the north pole of the needle toward the 
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west; the deviation would be toward the eatjt wheu, the couditioos 
b^ng the same, the wii-e is beloic. It is uecessary to remark hero that 
the wire preserves absolutely none of that deviatiDg power the momeut 
it ceases to be a conducting wire, or to join the two poles of the battery. 
It would iodicate a total want of scientific pci'ception not to nnderstantl 
bowextraordiuaryand important are the results I have just aonounced; 
not to observe with stirprise an inipooderable fluid imparting for the 
moment to the slender wire along which it passes, properties so powerful. 

These proi>erties, studied in their specific characters, are not less 
wonderful. 

Even a child knows it would be useless to try to turn a honzontal 
lever around a pivot on which its center rests by pushing or pulling it 
lengthways — I moan, following the Hue leading to the center of rota, 
tion. The force must necessarily be transverse. The perpendicidar to 
the length of the lever is, no matter in what direction, that which 
requires the least force to create a given niovoment. The esi)eriment 
of M. OSrated is directly opposed so these elementary rules of mechanics. 

Please then to remember, when the forces developed by the passage 
of the electrical current in each point of the conducting wire are found 
to correspond vertically with tlie axis of the needle itself, either above 
or below, the deviation is at its maximum. The needle remains at rest, 
on the contraiy, when the wire is presented to i( in a direction nearly 
perpendicular. 

Sucb is the strangeness of these tacts that, in order to ex]ilain tlieui, 
various physicists have bad i-ccourse to a continued dow of electrical 
matter circulating round tbe conducting wire at right angles to it, and 
producing the deviations of the needle by way of impulse. This was 
nothing less, on a small scale, than the iamous voitices contrived by 
Descartes to account for the general movement of the planets around 
the sun. Tbus a physical theory which had been abandoned for more 
than two centuries was recalled by the di.-iCOvery of CErstcd. 

Wo have already mentioned the important i-emarli of the celebrated 
Danish physicist, that the de\iation8 of the needle of a horizontal 
compass approach nearer and nearer 90 degrees in proportion to the 
increase of the power of the battery during the connection of the two 
poles by the wii-e. Feeble batteries, on the contrarj', produce onI,\- 
scarcely sensible movements. What is the part played by that myste- 
rious |K)wer, seeming to reside in the arctic regions of the globe, to at- 
tract magnetic bodies in a certain way, and repel others t What part 
does it perform in lessening the deviations wheu the buttery has little 
power! 

Ampere perceived tbe importance of this ipiestiou at the veiy fiist 
glance j be saw it was not a mere nice and subtle refinement without 
bearing; he understood that the solution of the problem would stamp 
with characteristic features the forces brought into play by the experi- 
ment of <Er.sted ; but how get rid of the attraction of tbe earth ; how 
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elimiuateit; bow intercept it t I see eoine smile nt my qiicstiuu, aiid 
bear tiiem exelaim, Do not marioers cover with pieces of canraa or pea- 
jackets the irOQ cauDoD id the aeighborhood of the compass, 'i^ben- 
erer they wish to obtain esactness in their heariugs 1 Screens, theu, 
ought cETectaally to fnraisb the meaus of protecting the needle from 
terrestrial magnotism. As to that, a glass sphere, inclosing the com- 
pass, would answer. 

A single word will dispel this illuition. Xo substance, thick or 
thin, bas yet been discovered through which maguetic action, like that 
of gravity, does not exert its full force, without any abatement. The 
cnstom of covering cannon, balls, and anchors, with sails, tarred or un- 
tarred, or with anything else, to prevent their action on the compass, 
belongs to the thousand and one usages recorded in treatiseson naviga- 
tion before science had diffused its light around it. Even when ex- 
posed, such usages diffuse and perpetuate themselves, and are the blind 
powers which govern the world. The researches of Ampere did not abso 
utely require (which, in fact, would have been an impossibility) that his 
apparatus should be completely free from the attraction of the earth j it 
was sufficient that this attraction should not couuteract the mo\'ement 
of the needle; and this simple reflection became the ray of light that 
guided the illustrious physicist, and gave rise to a kind of compass 
never before thought of. 

To understand the iurention of Ampere by which a magnetic needle 
conld be so arranged as to be free to obey the action of a galvanic cur- 
rent, and nudistarbed by the magnetism of the earth, suppose an ordi- 
aary dipping-needle apparatus so placed that its graduated circle shall 
be perpendicular to the magnetic meridian of the place, and then so 
inclined to tho horizon that the graduated circle and the needle within 
it shall be at right angles to the direction of the magnetic dip of the 
place where the experiment is made. In this condition tho magnetism 
of the earth will act perpe ndicular to the direction of the needle and be 
opposed by the pivot on which the lower iioint of the axis rests. It will 
therefore be free to take any posi tion in the plane of the divided circle 
which an extraneous force may give it. Ampere was therefore quite 
right in calling bis uew instrument an agtaiio compass. 

Ampere's astatic needle, placed before a conductiug wire, takes a 
directionexactlyperpendicularto that wire, neither one second more nor 
less ; and, a very remarkable circumstance, a very feeble electricity pro- 
duces as much effect as a current of sufficient intensity to reduce metals 
to a state of incandescence. Here, then, is one of those simple laws that 
scienco loves to record, and the mind receives with confidence, and be- 
tore which false theories will inevitably disappear. 

The discovery of (Ersted reached Paris through Switzerland. At our 
weekly meeting on Monday, September 11, 1820, a member of the 
academy from Geneva repeated before yon the experiment of the Dan- 
ish savant. Seven days later, on the 18th of September, Ampfere pre- 
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sented to you a inucli tnore general fact thao that of the physicist of 
Copenhagen. 

In that short interval of time he had conjectured that two coDnecting 
Tvire8,'two wires traversed by electrical currents, would act on each 
other ; he had devised extremely ingenious arrangemeDts to make these 
wires movable without the necessity of detachiug the estremities of 
«acb from the respective poles of their batteries. Ue had embodied 
these couceptious iu instruments caimble of acting ; be bad, in fact, 
reduced bis wonderful idea to a decisive experiment. I do not know 
whether the vast field of physics ever exhibited so beautiful a dis- 
covery conceived and consummated with so much rapidity. 

This brilliant discovery of Ampere may be summed up in these words : 
Two parallel connecting wires attract each other when the electricity 
traverses them in the same direction ; on the coutrar>~, they repel each 
other when the electric currents move in opiH>site directions. 

The coDDecting wires of two batteries similarly placed, of two bat- 
teries whose copper and zinc poles respectively correspond always, 
then attract each other. There is iu the same way always repnlston be- 
tween the conuectiug wires of two batteries when the zinc pole of one 
is opposite the copper pole of the other. 

It is not a necessary condition of these singular attractions aud re- 
pulsions that the wires iu operation should belong to two diflTerent bat- 
teries. By beading and rebending a single conuectiug wire such au 
arrangement may be made that two of its portions, opposite to each 
other, may be traversed by the electrical current either iu the same or 
in opposite directions. The phenomena, then, are absolutely identical 
with those which result from currents proceeding from twp distinct 
sources. 

The phenomena of (Ersted, from their origin, had been called, very 
appropriately, electro- magnetic. To those of Ampere, in which the 
maguet plays no distiuct part, the more general name of electro-dyna- 
mics has been applied. 

The experiments of the Freucb savaut did uot escape at first those 
criticisms which envy reserves for all things [Kissessing novelty, im- 
portauce, and a futnre. Men were uuwilling to see in the attractions 
and repulsions of these currents anything more than a hardly appre- 
ciable modification of the ordinary electrical attractions aud repulsions 
known since the time of Dufay. On this point the replies of our friend 
were prompt and decisive. 

Bodies similarly electrified repel each other ; similar currents attract 
each other. Bodies iu an opposite condition of electricity attract each 
other; unlike currents repel each other. 

Two boilies similarly electrified repel each other from the moment of 
contact ; two wires traversed by similar currents remain together like 
two magnets, if brought into contact. 

No snbterfuge iu the world could resist this close argumentatioD. 
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Another class of critics eiubarrassed our assuciatti more ei'rionsiy, 
Tbese last acted apparently in a charitable spirit. To believe tbem, they 
invoked with all their hearts, but without hope, the eolutioD of a great 
difficulty ; it pained tbem deeply, they said, to see the glory with which 
these new discoveries would have surrouDded tbe name of Ain|>ere 
vanish so rapidly. This is somewhat tbe manDcr in which the iusur- 
moontable difficulty was formulated. Two bodies which separately 
have the property of acting on a third cannot feil to act on each other. 
The connecting wires, according to the discovery of CErsted, act open 
the maguetic needle, then two connecting wires ought to iutiuence each 
other reciprocally ; hence, the movements of attraction and repulKion, 
when brought together, are deductions, necessary cousequfuces, ot tho 
experiment of tbe Danish physicist ; hence, it would be wrong to nmk 
tbe observations of Ampere among the primordial facts which open to 
science entirely new paths. 

Action and reaction are equal. There was in tbe phraseology just 
cited a false air of that iocontestible principle of mechanics which misled 
many minds. Amp6re replied by challenging his adversaries to deduce 
with any degree of plausibility tbe resultant direction (te sens) of the mu- 
tual action oftwo electrical currents; although he made the demand with 
much spirit, no one acknowledged himself defeated. 

The infallible means of reducing this violent opposition to silence, of 
sapping its objections to their foundation, was to cite an example where 
two bodies which wonld act separately on a third would, nevertheless, 
not act on each other. A friend of Ampere remarked, that magnetism 
exhibited a phenomenon of tbis kind. He said to tbe benevolent an- 
tagonist of the great geometer : " Here are two keys of soft iron ; each of 
them attracts this compass ; if you cannot show that, placed near each 
ther, these keys attract and repel each other, the point of departure of 
all your objections is false." 

From that moment tbe objections were abandoned and the reciprocal 
actions of electrical currents took definitely the place belonging to tbem 
among the most beautiful discoveries of modem physics. 

Once disembarrassed of tbe charges of originality and priority, always 
more paiu(Ul when implied than when openly made, Ampere sought with 
zeal a cle^, vigorous, and mathematical theory, which would embrace, 
under a common head, not only all the phenomenaof ordinary magnetism, 
but also those of electro-dynamic phenomena. The investigation bristled 
with «11 kinds of difficulties. Ampere overcame them with methods on 
which the genius of invention shone at every step. These methods wUl 
remaiu us one of the most precious models in the art of in ve»ti gating 
nature; of seizing in the midst of the complex forms of phenomena the 
simple laws which govern them. 

Dazzled by the ^lat, grandeur, and fertility of the law of universal 
attraction — thatimmortal discovery of Newton — persons little conveisam 
with mathematics imagine that, in order to introduce the iilauetutj 



142 EULOGY ON AMPEEE. 

raoveinente into the domain of analysis, it would bo nocessai-.\' to ttnr- 
monnt obstacles a tliousand times greater than those met by the modern 
geometer, Tclien he Irishes, with the assistance of mathematics, to follow 
in all their ramifications the various phenomena discovered and studied 
by physicists. However general this (pinion may be, it ia not the less 
an error. The smallncssof the planets, when compared to the snn; the 
immennity of the distances ; the almost spherical form of the celf atia! 
iKxlies; the absence of all matter capable of offering any sensible resist- 
ance in the vast regions where the elliptical orbits arc describeti, are so 
many circomstances extremely simplityiug the problem, and bringing 
it within the abstractions of rational mechanics. If, instead of the 
movements of the phineta — I mean of distant bodies capable of being 
considered reduced Co simple points — the only guide had been the 
phenomena of attraction of irregular polyhedrons, acting on each other 
at short distances, the laws of universal gra\ity would remain yet to be 
discovered. . 

These words will sntUcc to give an idea of the real obstacles which 
render the progress of mathematical physics so slow. So one need, 
therefore, be suriirised to learn that the propagation of soond, ot of 
Inminoua vibrations; that the movement of flie light waves raffling 
the surface of liquids ; that the atmospheric currents caused by irregrn- 
laiities of pressure and temperature, etc., are much more difficnlt to 
calculate than the majestic course of Jupiter, Saturn, or Uranus. 

The phenomena of terrestrial physics Ampere proposed to aoravel 
were certainly among the most complex. The attractions and repnl. 
sions observed between conducting wires resulted from the attraction 
and repulsion of all their parts. Now, to pass from the whole to the 
determination of the numerous and different elements which compose 
it, or in .other words to the investigation into the manner in which the 
mutual actions of two infinitely small parts of two currents vary, when 
their relative distances and inclinations are changing, offered unwonted 
difficulties. 

All these difficulties have been overcome. Tbe four conditions of 
equilibrium, which have rendered so mach assistance to the author in 
developing phenomena, will be called the laws of Ampere, as tbe three 
great consequences, deduced by that celebrated genius from tbe obeer- 
vatioDS of Tycho, are called the laws of Kepler. 

Tbe oscillations, turned to so great profit by Coulomb in the measure- 
ment of small magnetic or electrical forces, imperatively exact that the 
bodies for experiment should be suspended by a single film without tor- 
sion. Tbe conducting wire cannot be placed in such a position, as it 
would be in danger of losing its virtue unless in permanent eommaoi- 
cation with the two poles of the battery. 

Oscillations give very exact measurement, but coupled with the 
express condition of being numerous. The conducting wires of Ami>fcre 
never fail to bo at rest after a very small number of oscillations. 
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The problem appeared truly itisolnble, wheo our asBociate perceived 
he could reach his object by observing difTcrcDt cooditions of equilib- 
nam between conducting wires of certain forms placed one before tbe 
other. The choice of these forms was the essential iM)int ; and it is here 
the genius of Ampere displayed itself in tbe most marked manner. 

He first enveloped with silk two equal portions of the same conduct- 
ing wire ; he bent this wire so that its two covered portions should be 
in juxta[>ositioD, and traversed from opposite sides by a current from 
the same battery; he was satisfied then that this system of two equal 
but opposite currents exercised no power over the delicately sus- 
pended conducting wire, and thus proved that the attractive force of a 
given electrical current is perfectly equal to the force of repulsion it ■ 
exercised when tho direction of its course is mathematically inverted. 

Ampere then suspended a very moveable conducting wire, exactly 
between two fixed conducting wires, which being traversed from the 
same side by one and the same current ought to repel the intermediate 
wire ; one of these fixed wires is straight, the other bent and twisted, 
presenting a hundred small sinuosities. The communication necessary 
to give play to the currents being established, the moveable intermediate 
wire will stop exactly between the two fixed wires, and if moved from 
its position will return itself to the same place. From this it follows that 
if a straight connecting wire and a siunous connecting wire, though 
their u a foldetl lengths may be very different, exercise powers exactly 
equal if they have extremities common to both. 

In a third experiment Amiiere established uudeniably that no closed 
current whatever could cause a circular portion of connecting wire to 
Mm round an axis perpendicular to that one arc passing through ita 
center. 

The fourth and last fundamental experiment of .our associate is an 
instance of equilibrium, involving three suspended circular circniti 
whose centers are in a straight line, and whose radii are in u<;ontinuouB 
geometrical proportion. 

Our associate made use of those fbur laws to settle what he bad al- 
lowed to remain arbitrary in his analytical formula, conceived in the 
most general terms imaginable to explain tbe mutual action of two in- 
finitely small elements of two electrical currents. 

A skillful comparison of the general formula with the observation of 
the four cases of equilibrium shows that the reciprocal action of the 
elements of two currents is exercised in the direction of the line uniting 
their centers ; that it depends on the mutual inclination of these ele- 
ments, and that it varies in intensity iu the inverse proportion of the 
.-^narcs of the distances. 

Thanks to the profoundresearcbesof Amiivre, the law, which governs 
•*Alestial movements, the law, extended by Coulomb to the phenomena 
of electricity at rest or in tension, and theu though with less certainty, 
h) miiguetic phenomena, becomes one of the characteristic features of 
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tbe powers exercised by electricity in motion. Tlie general formnla, 
which gives the value of the uatua) actious of the iofiaitely small ele- 
ments of currents, ouce understoMl, the determinntiou of tbe combined 
actions of limited currents of different forms becomes a simple problem 
of integral analysis. Ampere did not fail to follow ont these applica- 
tions of his discoveries. He first tried to discover how a rectilinear 
current acts on a system of circular closed curreuts, contained in planes 
per[>en die alar to the rectilinear current. The result of the calculation, 
confirmed by experiment was, that the planes of the circular currents, 
wonld, supirasing them movable, arrange themselves parallel to tbe rec- 
tilinear current. If like transversal currents pass over the whole length 
of a magnetic needle, the cross direction which, in the experiment of 
Oersted, completed by Ami>^re, seemed an inexplicable anomaly, would 
become a natural and necessary fact. Is it not evident, then, to all bow 
memorable would that discovery be that would rigorously establish the 
fact tbat to magnetize a needle is to excite, to put in motion arouDd 
each molecule of the steel, a small, circular, electrical vortexf Ampere 
fiilly realized the wide reacb of tbe ingenious generalization that had 
taken possession of his mind; and be hastened to submit it to experi- 
mental proofs and numerical verificatioDS, which, in our day, are tbe 
only processes considered entirely demonstrative. 

It seemed very difficult to create an assemblage of closed circular 
currents capable of great mobility. Ampere confined himself to an 
imitation of this composition and form, by causing a single electrical 
current to circulate through a wire enveloped in silk, and coiled like a 
helix iu very compact spires. The resemblance between the effects of 
this apparatus and those of a magnet was very striking, and eoeonraged 
the illustrious academician to devote himself to a difficult and minnte 
calculation of the aetious of closed circuits perfectly circular. 

Starting from the hypothesis that like carrents exist arouud the par- 
ticles of magnetic bodies. Ampere, recognized, in elementary actions, 
tbe laws of Coulomb. These laws treated with the most cottsnmmate 
skill by an illustrious geometer bare explained all the koowa facts of 
tbe science of magnetism; the hypothesis of Ampere represents tbem 
with eqnal accuracy. 

Tbe same hypothesis, finally applied to the investigation of tbe action 
which a rectilinear connecting wire exercises over a magnetic needle, 
leads analytically to tbe law tbat M. Biot has deduced from extremely 
Dice experiments. 

If, with the almost entire body of ancient physicists, it is thought ad- 
visable to consider steel as composed of solid molecules, in each of 
which exist two fluids of opposite properties, Unids combined, and neu- 
tralizing each other when the metal is not magnetic, fluids more or leiis 
separateil when tbe steel is more or less magnetized, the tbiory will 
cover all tbat ia known at present, even in the most subtle nnmerical 
particularities of ordinary magnetism. This theory is silent, hoover, 
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with reference to the action of & magnet on a coDnecting wire, and still 
more silent, were it possible, as to the action that two of those wires ex- 
ercise upon each other. 

If, OD the contrary, we take, with Ampere, the action of two cnr- 
rents for the primordial fact, the three classesof phenomena will depend 
on one principle, one single claase. The ingenious conception of our 
associate possesses thus two of the most salient cbaracteriBtics of a 
true laws of nature, simplicity and fertility. 

In all the magnetic experiments attempted before the discovery of 
CErsted the earth had acted like a large loadstone. It was to be presumed, 
then, like a magnet, it would act on electrical cnrrenta. Experiments, 
however, had not Justified the conjectnre. Calling to his aid the electro- 
dynamic theory and the talent for inventing apparatus, so brilliantly 
displayed by him, Ami)&re had the honor of filling the inexplicable 
hiatos. 

For several weeks native and foreign physicists crowded the bumble 
study in the street Foss^e-Saiut-Yictor to witness with amazement a con- 
necting wire of platina take a definite direction through the action of 
the terrestrial globe. 

What would Newton, Halley, Du&y, ^pinus, Franklin, and Coa- 
lomb have said if it had been announced to them that a day would 
come when, in default of a magnetic needle, navigators would ho able 
to guide their vessels by observing electrical currents, electrified wires! 

The action of the earth on a condactiug wire is identical in all the cir- 
cumstances presented by it, with that which woold proceed f^m an as- 
semblage of currents, having its seat in the depths of the earth, south 
of Europe, aud whose movements would be like the diurnal revolutions 
of the globe from west to east. Let it not be said, then, that, the laws 
of magnetic action being the same in the two theories, it is a matter of 
indifference which to adopt. 

Suppose the theory of Ampere true, and the earth, as a whole, inev- 
itably a vast voltaic pile, creating conents moving in the direction of 
the diurnal revolution ; and the memoir in which is found this magnifi- 
cent result will take rank, without disadvantage, with the immortal 
works which have made of our globe a simple planet, an ellipsoid flat 
tened at the poles, a body formerly incandeseent in all its parts ; incan- 
desceut still down in its depths, but retaining on it« surface no appre- 
ciable trace of this original heat. 

It has been asserted that the beantifiil conceptions of Ampere, of 
which I have just given a detailed analysis, were coldly received ; it has 
been said that the French geometers and physicists showed themselves 
little inclined either to recognize or study them ; that the academy, with 
the exception of one single member, swayed by its pr^udices, reftised 
for a long time to yield itself to unexceptionable proof. 

These charges reached the public through an eloquent and eminently, 
honorable organ. I cannot, therefore, pass them by without notice. 
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The esperimeiita of Amp^, Irom their firat appearance, were the ob- 
ject of the severe critidsm just cited, aud, soou after, of auivo^al ad- 
miration. The only competent and capable judges of intricate and 
scientific calculations of nice theoretical deductions of whose almost 
boundless range I have just tried to give yea an idea, were of necessitj' 
geometers. Kowis it just to say the French geometers found fault with 
our distinguished associate, when, a abort time before the discovery of 
electro -dynamics, M. Savary was found completing a verj' important 
point of that theory; when M. Lionvillewas trying to simplify ita bases 
and render them more rigoroua; when, in the compilation of the moat 
difficult parts of his grand memoir Ampere found in M. Duhamel an 
earnest collaborator 1 

Is it true that Ampere's formula displayed no features likely to 
occasion astonishment amongst geometers T Would not the curiosity of 
those most familiar with Newtonian theories be awakened by observing 
the introduction of general expressions of the mutual action of these 
elements, trigonometrical quantitiea relative to the respective inclina- 
tions of the inflnitisimal elements of the electrical currents 1 Was not 
some hesitation natural when new theories seemed to depart so com- 
])letely irom beaten paths I There was nothing extraordinary, excep- 
tional, nor extravagant on the part of the savants who experienced this 
hesitation. A few years before the transversal waves of light of Fresnel 
had created the same doubts, the same uncertainty, and in the minds of 
the same individuals, although they seemed a still more evident conse- 
quence, a more direct and immediate translation aud one easier to verify, 
of the facts of interference exhibited by polarized rays. 

Let us not complain in general t«rms of the worship rendered usually 
by men to the ideas under whose infiuence tbeir minds have been devel- 
oped. In such cases it is just, natural, and proper to make no change 
of views without a thorough investigation. From a scientific point of 
view, the criticisms and difficulties, so frequently overwhelming innova- 
tors, are sabstantiiilly useful. They arouse the idle to triumph over 
indolence; even jealousy, with its cruel and hideons acutoness, becomes 
an iucentive to progress. It can be relied upon to discover gaps, blem- 
ishes, and imperfections that even the most careful author allows un- 
avoidably to escape bim. Tbe control it exercises over him who dis- 
dains not to profit by it, is worth ten-fold that of tbe best friend. It 
commands no gratitude either,for its services are involuntarily rendered ; 
and on the other hand it would be a weaknessto sympathize too warmly 
with tbe vexatious it causes in men of genius; for fame and peace of 
mind rarely bear each other company. He who is ambitious of high 
place in the world of matter or of ideas, must expect to find as adver- 
saries those ab^ady occupying the highest places. Small minds aim at 
trivial objects, and alone are privileged to reach, at will, insignificant 
points, whose possession no one dreams of disputing with them. 
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AUPilBE TAKES PART m A CELEBRATED DISCUSSION BBTWEEIf GEORGE 
CUVIBE, AND GEOFFROY SAINT-HILAJRE ON THE UNITY OF STRUC- 
TURE IN ORGANIZED BEINGS. 

This discassion rested on some very nice coDBiderations. If it were 
desired, for instauce, to trace the resemblance between the srrange- 
meuts of the viscera of a cephalopodic mollusk and those of man, it 
would be necessary to fancy the latter bent backwards from the line of 
the navel, so that the pelvis and lower limbs should be joined to the 
nape of the neck ; it would be necessary, moreover, to imagine man 
walking on his head. Other comparisons required that one of the tn-o 
animals should be reversed like a glove; that the bony stnicture should 
pass firom within to without, that the enveloped shoald become the en- 
. velope, etc., etc. The members of the mathematical department of the 
college could take no part in this subtle debate ; tbey were satisfied to 
be attentive listeners. Ampere alone threw himself headlong into the 
arena. But it was found that the views so warmly opposed by Cuvier, 
and so decidedly sustained by our honorable colleague, Geoffroy Saiot- 
Hilnire, were those entertained by Ampere in 1803. 

Gnvier, the learned secretary of the academy, when concluding his 
course on the history of the sciences of the nineteenth century, was 
naturally led to allude to the Gennan school known under the name of 
Philoaopkera of Nature. 

The principles of the philosophers of nature, at least those referring 
to the unity of structure in animals, appearing to him erroneous, be 
undertook to oppose them. Ampere was one of the auditors of our illus- 
trious colleague. If, as at the Normal Convential School, the students 
had the right to challenge the professors, each lecture of Cuvier's course 
would assuredly have ended in an animated and instructive debate ; 
bat the regulations imperiously forbade such an innovation. Ampere 
was not the man to be discouraged by difficulties. Custom denying 
him permission to speak in the arena where Cuvier was unfolding his 
views, openly without leaving the precincts of the college founded by 
Francis the First, if not on the same day, at least during the same week, 
when delivering his course oaMatkdaxologie, Ampere broadly announced 
himself, with reference to the chief point of philosophic zoology, the 
declared adversary of the first oaturalist of Europe. In each of his lec- 
tures he gave a minute and detailed criticism of the preceding lecture 
of Cuvier. Butin return, Cuvierregularlyusedananalysisof Ampere's 
argument, made by his brother Frederic, who attended the course on 
Matkitiologie, as the text for each succeeding one of those lectures, 
whose glorious memory will long be preserved by the College of France, 
and in which shone in the same high degree, his talent for explaining, 
his knowledge of facts in detail, and most it be avowed, his art of ren- 
dering sarcasm cutting without overstepping the limits of a well-bred 
critic. Each week Ampere would seem felled* by the blows of the new 
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Hercales, and each sncceeding week, like Antens in the fable, he wonld 
he found prepared to sastain a new contest, oot, however, without 
having changed ground, though very slightly and sklllfally between the 
eucceasive assaults. 

Id order to assume that Ampfere considered this contest an ostenta- 
tious tourney without consequences, it would be necessary to admit, 
contrary to all reason and probability, that voluntarily closing his eyes, 
he did not perceive that even blunted weapons in Ouvier's hands could 
inflict painful wounds. We will hasten to announce that Ampere was 
fully conscious of bow formidable was his adversary ; and if in spite of 
this, he continued bis course, it was to fulfill what he considered a con- 
scientious duty. In July, 1821, our associate sent to the press, but with- 
out giving his name to the publication, a theory of the organization of 
articulated animals. In this work, after making himself master of a ' 
single type, he followed it up amidst a thousand disguises, through the 
multitude of species of which the animal kingdom is composed. He 
sought, for example, how the fragile butterfly could be traced to the 
clumsy toad, the toad to the colossal whale. The criticisms of Cuvier 
were then addressd as well to Ampere as to the philosophers of nature 
or Geoffi^y Saint Hilaire; and our friend decided to sacriQce all personal 
feelings to th3 interests of science and surrender the privilegesof anonym- 
ity. HcfullQIIedthisobhgationwithoatbittemess, but with firmness; he 
utterly disregarded the many annoyances incident to the position forced 
upon him by circumstances, and allowed nothing to turn him f^m his 
pnrpose, not even what Frenchmen dread the most, ridicule. 

1 still remember a dialogue that took place on one occasion, in my 
presence, between M. Ampere and an academician , who was the declared 
adversary of the unity of structure, and whose witty sallies were uot 
only dreaded by his antagonis'ts but often by his friends also. I will 
reUte the beginning: 

"Well, M. Ampere, do you hold, from an anatomical point of view, 
that Master Crow perched ou a tree, did not differ &om the crafty, cun- 
ning animal who carried off his cheese ; and do you believe that 

'Tbe heron wiUt the loDg beak act apou the long neck,' 
is but a simple modiflcation of the gossip carp he so foolishly disdained 
to eat for his dinner? And again, do you think the fabler was guilty of 
a heresy in natural history when ho said : 

'A rot to prove he was no elephant, 
Came out of his cage in less than aa iuBtantT'" 
"Yes, sir; yes,** said Amp^, "I admit aa facts all yon have just 
enumerated as impossibilities. Further details on the subject would be 
superfluous. After the most conscientious study, I shall remain firm to 
a principle, apparently singular, but which time will establish ; to the 
principle that man is formed after a model found in all the animal cre- 
ation, without one single exception.'' 
"Wonderful, M. Ampere, your theory has one rare and incontestable 
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merit ; it is clear and categorical. Je vons attends k Vescargot," (I shall 
wait to see jon a modified snail.) 

Ampere entered, for a few moments very good uatnredly into tbe 
gaiety provoked in all present by this sally ; but he soon began to treat 
seriously the langh able question just proposed to him; his manner of 
haudliug it showed the most profound research, and the most compre- 
hensive knowledge of anatomy and nataral history, and where tbe 
first step seemed to lead to absurdities, he pointed out resemblances 
and analogies so ingenious that we were surprised to find ourselves not 
regretting that the term of comparison offered to Ampere had been se- 
lected so far down in the scale of animal life. 

^SSA.Y ON THE CLABSIPICATIOH OF THE BCIENOBS. 

The hterary life of Amp^ began by the study of the Encyclopedia of 
the Eighteenth Century, and was closed by the compilation of a plan for 
a new encyclopedia. The most essential feature of this vast scheme 
was a classification of all human knowledge. 

Moli&te foimerly, through the medium of one of the characters of his 
immortal comedies, asked whether it were more correct to speak of tbe 
figure or the shape of a hat; which was equivalent to asking whether 
bats shonld be classed as to shapes or figures. 

The abuse of classification could not possibly be described at the same 
time more profoundly and more ludicrously. To go back to the time of 
Moli^re, or even to the early part of the eighteenth century, you will see 
tbe great poet was not attacking a vaia phantom, and yon will be struck 
with the strangest association of ideas ; you will find the classifiers 
yielding to the most truly absurd analyses and comparisons; for ex- 
ample, in tbe Society of Arts, created by a prince of the blood, Gomte 
de Clermont, a society embracing Che sciences, belles-lettres, and the 
mechanical arts, the historian is classed, in all seriousness, with the em- 
broiderer, the poet with the dyer, etc., etc. 

Id all things abuse is not use. Let us see, then, whether Ampere 
paused at the use, in the work, still only partly published, which be 
composed at the close of his life, and entitled, Essag on the Philosophy 
of the Sciences ; or Analytieal Expo^tvm of a Natural Classification of 
all Suman Knowledge. 

Ampere proposed to undertake the vast and celebrated problem whose 
solution had already been attempted by Aristotle, Plato, Bacon, Leib- 
nitz, Locke, D'Alembert, &c. 

The unsuccessful efforts of so many men of genius are a convincing 
proof of the difficulty of the question ; do Ibey also completely prove 
its utility t 

' Aristotle olaim^ that all subjects could be included in ten categories. 
If I should recall the number of times they have been rearranged, tbe 
reply would very reasonably be, these were the necessary and foreseen 
consequences of the progress of the human mind. I should then, un- 
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doubtedly, propose a still more embarrassing questioo, by asking, of 
what Qse have the categories been t 

It has already been showu what Molifere thought of tbem. Here is 
the opinioD of the celebrated author of the Logic of Port Royal : "The 
study of the categories cannot but be dangerous, as it accustoms men 
to be satisfied with words, and to believe they know everything, when 
they are only acquainted with arbitrary names." 

To this extravagant criticism, if it bad fallen under his eyes. Am- 
pere would have replied: That a natural classification of the sciences 
would be the model on which the sections of an institute claiming to 
represent the universality of human knowledge, should be scrupulously 
formed: That a natural classification of the sciences would indicate 
the proper omissions in the subjects of a well-arranged methodical 
encyclopedia. That a natural classification wonid control a rational 
distribution of the books in large libraries, a mutter of so much im- 
portance that Liebnitz devoted to it much thought and labor : That a 
natural classification of the sciences would create a desirable revolution 
in the art of teaching. 

All this is just and true. Bat, unfortunately, the prtDciples which 
a priori seemed to lead to natural classifications, have assimilated, 
grouped, and united the most incongruous sabjects. 

If you take the encyclopedical tree of Bacon and D'Alembert, which 
is fouuded on the hypothesis, against which no objections have ever 
been raised, tbat the human mind can be reduced to three faculties — 
memory, reason, and imagination, — you will be led in the large division 
of knowledge depending on memory to classify the bistory of minerals 
and vegetables with civil history; and in sciences belonging to the do- 
main of reason metaphysics will be associated with astronomy, ethics, 
and chemistry. 

Follow Locke, or rather Plato, and theology and optics will be found 
side by side. Divide, as the schools of Rome do now, all knowledge 
into three kingdoms, the sciences of autfiority, of reason, and of obser- 
vation, and anomalies almost Inaghable will arise at every step. 

These serious defects are not found in the classifications of Ampfere. 
All analogous subjects are classed together ; all tbat differ are separated. 
The author does not create at the will of his imagination pretended fun- 
damental faculties for the basis of a system without solidity. Uis two 
chief points, his two kingdoms, are the study of the vorld— cosmology ; 
and the study of the mind — ontology. 

The costnological sciences are divided, in their turn, into two sub-king- 
doms, namely, the sciences which treat of iuaaima'te objects; and those 
which consider only animate objects. The first sub-kingdom of th^ 
cosmological sciences is divided again into two branches — the mathe- 
matical and physical sciences. By always following out this division 
by twos, Ampere succeeded in forming a table in which the whole range 
of sciences and arts is found divided — 
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Into two kingdoms; 

Into four sub-kingdoms ; 

Into eight branches; 

Into sixteen sub-branches ; 

Into thirty -two sciences of the first order,- 

Into sixty 'four of the second order; 

Into one hnndred aud twenty -eight of the third order. 
' This is what it would t>e necessary to study in order to be perfectly 
^miliar with the whole range of humau knowledge. 

Ought not this large number to be at the same time a subject of 
discouragement to individuals taken separately, and a just cause of 
pride to the human race T !M'either one nor the other. Ampere only 
succeeded in finding one hnndred and twenty eight distinct sciences in 
the accumulated labors of forty centuries by dividing and separating 
what had until then been united; by changinjf into distinct sciences the 
simple divisions of the complete sciences, and by applying to them names 
which might well be objected to, such as eanolbology cybemitics, ter- 
pnognoag, teckneatketica, etc., etc. 

^*- now remains to examine whether the new divisions are not too 
numerous; whether they would add to clearness — a quality to be sought 
at any price — and whether they would introduce any facilities into the 
art of teaching. There is scarcely a professor who does not understand 
now that the most elementary course of astronomy should first present 
to the student a description of the apparent motions of the heavenly 
bodies; that, on a second division, it is necessary to leave the apparent 
for the real; and that a third division, finally, should be devoted to 
the investigation and study of the physical causes of these movements. 
Here are three parts of one and the same whole. I do not see, I 
must confess, what would be gained by making, of the first section of 
the first course of the subject or treatise, a distinct science, uranography, 
aud by dividing the second subject into two other sciences helioatatica 
aud astroTwmy. 

Our illustrious associate banished from the course of general physics 
the comparative study of the modifications experienced by phenomena 
in different places and at different times. If this referred to profonnder 
study the thesis could be sustained. But on a contrary supposition, it 
would be difficult to conceive bow, after having announced that to-day, 
at Paris, the north point of the magnetic needle declined 22° from the 
north to the west, the professor could stop suddenly and leave to his 
colleague, the professor of physical geography, the office of declaring, the 
year after, perhaps, that at Paris, before 1666, the observers found no 
declination ; that it is not the same at all places, and that at each place, 
considered apart, it exhibits a diurnal oscillation around its mean posi- 
tion. 

Ampere found the union of the materia-medica and therapeutics in the 
jnedical course inadmissible. It is very true that a knowledge of the 
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properties of medicine is quite differant from knowing how to apply 
them ; but when yoa coDsider that the properties in questioD wotdd be 
but little studied but for the purpose of relieving human suffering; that 
their nuion under both points of view, abstract aud practical, sustains 
the interest and saves time, you return to what at first seemed defect- 
ive. " Life is short, and art is long." These memorable words of Hip- 
pocrates, let me add, whose truth has not been impaired by the mate* 
ria-medica or therapeutics, unitedly or separately, deserve to be remem- 
bered in the distribution of the studies of youth. 

Ampere thought he had succeeded in avoiding entirely all repetitions ; 
he flattered himself that henceforth each science could be studied with- 
out any trace of syllogistic circles ; that, while engaged in one study, it 
would never be necessary to refer to the science coming after on the 
synoptical table. 

An illustrious metaphysician did not believe this methodical course 
possible unless in the science of abstract mathematics. Beaders. he 
said, must trust ; tbey mast be willing to give credit for a time, if they 
wish to be satisfied; for geometers alone always pay cash. 

Could Ampere always pay cash, as Malebranche expresses it, even 
In~ applied mathematics t If time permitted I could easily prove, I 
believe, that on this point our illustrious colleague deceived himself. 
In bis table I see, for example, astrouomy before physics; and, conse- 
quently, before optics. How, then, in the first lessons of uranography 
and the first study of the diurnal movements of the heavens, could the 
professor explain the use of the telescopes, of the lines placed in the com- 
mon focus between the object and eye glassest What could he say, 
without asking for credit of the atmospheric refractions which so percep- 
tibly deform the circular diurnal orbits of the starst All astronomers 
would agree with me that it is very unnatural that heliostatics, or the 
demonstration of the Copernican system, should precede the exposition 
of tbe laws of Kepler, considered as simple results of observation. 

I could multiply these remarks, but they would cot prevent Ampere's 
classification from being very superior to all those preceding it ; it would 
require but a few suppressions and some rearrangement of points of 
slight importance to make it as perfect as would be compatible with the 
nature of the subject. It can be unhesitatingly affirmed that its various 
parts bear the indelible stamp of an erudition as remarkable for its 
extent as its profoundness. 

Ampere bad not only essayed the vast problem of a general classifi- 
cation of the sciences, but had also been engaged bi introducing classi- 
fications into tbe physical and natural sciences separately. 

Tbe chemical classifications proposed by the learned academician 
could even now be published with profit. Tbey would prove — aud how 
strange the fact — that, during one of the last revolutions in the science, 
Ampere, the geometer Ampere, was always in tbe right, even when his 
opinions were opposed to those of nearly all the chemists of the world. 
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THE HTFIiUENOE £S£BCISED BY A PBITAIE EDUCATION ON AMPilRE'S 
IfIND AND MANNEE3. 

Ampere, eajoyiag the wide reputation we have indicated, suggests 
iu himself too striking a comparison between the advantages of a 
private education and one acquired in the tumult of public schools not 
to excite eager discussion. I only refer to tbia discussion, however, to 
deny its utibty. At the time of his departure from the mountains of 
Poleymenx, our future associate possessed ao immeuse amount of infor- 
mation, an extraordinary memory, a strong intellect, and a rare aptitude 
in mastering all subjects ; but who would dare affirm that these quaUties 
would not have been as well developed at a public scihoolT An isolated 
fact could lead to no positive conclusion on so nice a point. 

The adversaries of private education remembered that Ampere con- 
tracted iu his secluded life habits which they tax with singularity. 
Amongst others is cited the impossibility he found in giving a ckar ex- 
planation, when professor, of sul^ects with which he was perfectly 
feunihar; withoat calling, as it were, to his aid peculiar movements of 
the body. This is undeniably true. There was always, intellectually 
speaking, a great difference between Ampere in repose and Ampere in 
action. I, esi>eciaUy, have always sincerely regretted that the illustrious 
savant, iu his riper years, should have felt his eminent powers and all 
enthusiasm deidine as soon as seated at his desk, witiiont having, how- 
ever, the temerity to ascribe it to the soUtudo in which his youth had 
been passed. 

What is knowQ, in fact, of the mental struggle accompanying the 
birth and development of an ideat Like the first nncertain glimmer- 
ings of a star, an idea begins its dawn on the very verge of ttie intel- 
lectual horizon, at first so small and fajnt that its unsteady, wavering 
light seems to reacu us through an almost impenetrable mist. It in- 
creases in size, until sufficiently developed to display a delicate outUue; 
and finally, its contour clearly defined, it stands sharply out &om all 
around — t^m all that is not itself. At this last stage language seizes it, 
clothes and stamps it with the definite, the inipressive form which will 
engrave it indelibly upon the memory of future generations. 

The causes accelerating or retarding the birth of a thought, and ita 
various transformations, are numerous and evanescent; and there is, 
moreover, neither regularity nor consistency in their mode of action. 
Paesiello composed wrapped up iu his bed-covers. Cimerosa, on the 
contrary, received the inspirations that gave to the world the beautiful 
themes with which his operas abound in the midst of the mirth and 
bustle of a crowd. The historian Mez4rai wrote, even at mid-day in 
the month of July, by the light of wax candles. Konsseau, on the 
other hand, gave himself up to bis most profound meditations in the 
full light of the sun, whilQ engaged in herborizing. 

If Amp<>,re were only inspired while standing and in motion, Descartes 
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reqiiirM to be lying down immovable, and Cujas studied satififactorily 
ouly wbeu stretclied at full length on his faue on tbo floor. We have 
all, iu our youth, bad occasiou to smile at the sight of lazy schoolboys 
gazing fixedly at the ceiling of the schoolroom, as if looking for the 
lesson they no longer remembered. ' This was the position in which 
Milton^ his licad thrown far back, always composed. 

These fiicts seem singular; but what will yon say of Guido Eeni, who 
WH6 incapiible of inspiration unless magnificently dressed; of the mu- 
sician Haydn, who declared himself utterly unable to com[Ki.se las grand 
chorases without ha\'ing on his finger the costly ring given him by 
Frederick II; of the poet Mathnrin, who would stick a wafer on 
his forehead between his eye-brows, as much to eiccite his imagin:)tioa 
as a ttigual to bis servants not to interrupt him by questions. 

The eyes, it has been said, are the windows of the soul. I am con- 
vinced that it would be a mistake to generalize this remark too much. by 
extending it to gesticulations, or, if you please, to nervous action. Tlie 
arms of ITapoIeon's chair were not hacked by a penknife in moments of 
anger or deep preoccupation only ; joy and mirth also gave employment 
to his instrument of destruction. If the questors of our legislative as- 
semblies did not place discretion in the front rank of the good quiilities 
which distinguish them, they could tell us that some members do not 
less actively destroy the mahogany of their desks on the days of stormy 
debate than during the monotonous and drowsy operation of the call 
and recall. I>oe8 any one, while reading Glover's ballad entitled the 
Shade of Admiral Hotter, divine for a moment that the poet com- 
posed it while unconsciously destroying with his cane a bed of tulips, 
the especial delight of his friend, Lady Temple. 

Uncomfortable and painful attitudes, so necessary to some, are not 
the ouly conditions indispensable to the development of the higher in- 
tellectual faculties. Addi^u mentions a lawyer who could never plead 
without passing the thumb of his left hand through a loop of twine, 
which he would tighten to spur the thought or expression. One of our 
most eloquent prose writers, who spoke as well as he wrote, was only 
able to do so, however, when his right leg was twisted aronud the left, 
like the serpent of Troy around the arms of the Laocoon. Let us re- 
member all these facts. Theirvery singularityshonld induceus to do 
BO. But let us be careful not to draw from them any premature conclu- 
sions against any particular mode of education ; for amongst the dis- 
tinguished personages whose names I have just cited there are no two 
who in theit childhood were placed in exactly similar circumstauces. 

If necessary to enter more into detail, I should be less reserved about 
other habits of our associate which have more or less influenceil his 
career. Had Ampi^re been sent to school in his childhood to the hum- 
blest village school, his disposition and habits would possibly have been 
somewhat modified. He would have learned that scissors were not in- 
tended for making pens; that writing in large characters was not the 
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altimftte object of calligraphy. He would not have received from a for- 
eigu scientist, full of wit and waggery, after hp became a member of 
tbe academy, an invitation to dinner written in the first letter of his 
signatare. He wonld have known that to write a running band rapidly 
and easily, a movement of the fingers, and not tbe arm, is required — 
a liuowledge which would have saved him, during his whole lite, much 
bodUy exertion and intolerable annoyance. Ampere's school- fellows, 
much less forbearing than father or mother, woidd have roughly checked 
bis incessant restlessness. He would hav6 learned to control those par- 
oxysms of rage which, later in life, rendered him so unhappy^-called by 
his friends lamb-lik^ wrath ; and which to excite was rather a subject of 
congratulation, so apontaneons, candid, and unresen^ed was bis repent- 
ance. He would have known how to confine himself to regular work. 
The necessity of performing his tasks at fixed hours would have taught 
him, as an author very clever in such matters said, to make bis 
thoughts flow rapidly from the nib of his pen, and not to drown them 
afterwards in an ink-stand. Borrowing the beautiful image of Clean the, 
preserved by Seneca, Ampere's thoughts, once repressed, would re- 
semble the voice, which, confined to the narrow channel of a trumpet, 
bursts forth at length the more clear and the more powerful. Compo- 
sition would then have been of secondary importance to him, and be 
could have exclaimed triumphantly with Racine, "My work is finished; 
nothing now remains but to write it out." The success of this mode of 
investigation would have induced him to give up handling a thousand 
different subjects at once and yielding to tbe nervous excitement pro- 
voked by it If be had considered the time lost in useless discussions, 
he would npt now sadly exclaim with the poet cited not long since — 



Je ne faiB ptti le bien que j'turoe, 
Et je taie le mal qne Je hau. 



("I do not do the good I love, but the evil thati hate.") 
Here I must stopjfor instead of maintaining an even balance between 
the two contrary systems, as I had intended, I find myself almost plead- 
ing in favor of public education. 

AMPfeEE AN ADEPT IK atjtmat. MAGNETISM. 

Ampere often lent the aid of his imposing authority to the adepts of 
animal magnetism. His imperfect vision, his want of bodily dexterity, 
and his great credulity, rendered him a fitting subject for the tricks and 
legerdemains which ought to have induced him to consider magnetism 
a branch of the art of jugglery. At certain reunions, where the love of 
tiie marvelous, a desire to fathom the mysteries of animal organization, 
and especially the hope of discovering some new means of alleviating 
human suffering, brought many estimable people together, Ampere was 
often fascinated by legerdemains only suitable for the amosement of 
children, such as the sudden inci^ease of UtUe balls, multiplied ahnost 
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infinitely, and passing saccessively into different boxes, at the will of 
one of those individuals now called prestidigitators. It was in this way, 
doubtless, that Ampfere had been led to admit tbat, nnder certain 
conditions of uervons escit«ment, a man might be able to see even at 
great distances without the aid of his eyes j that he might, with his knee, 
see stars ; follow the movements of actors on a stage with his back turned, 
and read a note with his elbow. Is it not possible that we, who even 
now have no faith in such marvels ; wo, who formerly opposed the convic- 
tions of our firieud with all kinds of arguments, even resorting to raillery, 
might have carried this opposition too far on other points of aoiiDtd 
magnetismf Is an extravagant skepticism more philosophical than an 
unlimited credulity 1 Have ve any right, for example, to sweepingly 
affirm that no man ever has or ever will be able to read, with his eyes, 
in tbe profound darkness which reigns under a depth of twenty-nine 
meters of earth and rocks — I mean at the bottom of the vaidts of the 
Paris observatory 1 Has it been well established tbat opaque bodies — 
that is, those impermeable to light — allow nothing to pass through them 
which could supply and produce vision T Do systematical ideas au- 
thorize us to disdain any reference to experiment, the only competent 
judge in such matters f I present all these doubts as a kind of re|iara- 
tion aud expiation oftered to the manes of Ampere. 

Pardon this digression, geutlemen, rendered necessary by circumstances. 
Your indulgence will be the more precious to me for having possibly — 
nay, I will say more, probably—displeased both the advocates and 
antagonists of magnetism. The latter will blame tbe extent of my con- 
cessions ; the former, on tbe contrary-, find me too skeptical. But, such 
reproaches would not be very alarming ; for has magnetism, unless in 
some few isolated points, any real foundation 1 All that its advocates 
can desire, all tliey can rightfully claim at present, are unprejudiced 
judges, who will refuse neitber to see nor to hear. 

Is it necessary, on the other band, to side with those who, fanatically 
devoted to the experimental method, proceed exclusively by means of 
direct corollaries, and who regard an idea unworthy of being followed up 
which does not flow logically from a previous ideat I will also remark 
that to deny, a priori, belongs to theory ; that negative theories arc even 
more to be condemned, as they provoke no trial, no attempt, and there- 
fore reduce the miud to a state of quietude and somnolence from which 
science would have much to suffer. 

I cannot, besides, admit that there would be less pride in saying, not 
only to the sea bat to all nature, " tkou shall go nofartlierP 

AMPERE'S CHAKACTEB. 

The traits of character which, in the coarse of this sketch, are 
found scattered here and there through the scientific analyses, would 
amply suffice in tbe eulogies of a large number of the academicians. 
Bat this would not answer iu Ampere's case. From an early period a 
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singiilar cODCOurae of circamstances had iuitifrt«d the public iDto all the 
detaila of bis private life. They interested themselves almost as much 
in what they called hia credulity, hie eccentricities, hia absence of mind, 
and hia very firequeut alternations of wonderful activity and profonod 
apathy, to which he was subject, as in his brilliant discoveries. Oar frieod 
gradually became the principal actor in a multitude of fantastic adven- 
turee, creations of the imaginations of a few idle people. Calnmny, 
always ou the watch for such opportunities, began early to exercise its 
detestable role; and thus it is that I would not attain my end were I to 
neglect to give a faithful sketch of the character and habits of Ampere. 

I have just spoken of calumny, but am far from wishing to apply so 
severe a term to those who do not share tbe estimate I have formed of 
Ampere's character. Pbilopoemin once "paid the fine of kU deformity," 
said Plutarch. Ampere also paid tbe penalty of certain mauners and 
habits which it is not my intention to extol. I freely acknowledge that, 
with the kindest feelings in tbe world, no one could help admitting a 
want of dignity in bis too profound salutations. 

We bave passed over times in which a man of letters, a man of 
science, such as Ampere, had any reason to fear that he would be 
stripped of his office if not orthodox in matters of religion and a parti- 
san of tbe political systems of the day. Perhaps, under such circam- 
stances, our associate recalled too vividly his responsibilities as the 
father of a family; perhaps an ardent imagination painted in exagger- 
ated colors the brutal condition to which such a deprivation would 
reduce him; and he thus stooped to measures, aucb as visits and pre- 
sentations, which can be legitimately and Justly condemned. The right 
of doing so, however, can only be conceded to those who have never 
been guilty of like faults, and whit;h I refuse uahesitatingly to those 
fnnctionaries, inflaitely more numerous, whose only advantage over 
Ampere is that of having discovered the secret of diverting atten- 
tion. Besides, do not believe that tbe judgments and opinions whose 
organ I shall be, and which it would give me so mnch pleasure to have 
prevail here, rest on so unsound a fonndation as rumor or tbe chit-chat 
of society — but on acts misunderstood and susceptible of different inter- 
pretations. I have formed an estimate and judgment of Ampere's char- 
racter from a private correspondence not destined to see tbe light — which, 
indeed, in strict accordance with the express wish of our friend, should 
have been destroyed. In such documents I could hope to find Ampere's 
thoughts free fh>m all delnsive alloy. It was while reading this precious 
cerrespondence I learned more and more to love onr associate. Are 
there many men who would thus gain by being stripped of the mask so 
generally worn iu publict These reflections have occupied much time, 
gentlemen. You will pardon me if I say it is a mistake to consider them 
a more preamble ; they are a direct refbtation, and by way of anticipa- 
tion, of tbe objections with which the last portion of this notice is 
threatened, even before being ^ven to the public. 
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Like Lafontaiae, between whom there was more than one point of 
reaembUuice, Anip^ro would remain sometimes ancouscions of all 
arouud him iu the midst of a crowd ; and from tliie proceeded certiun 
eccentricities, certain aberrations of language, of carriage, and dress, 
difficult 10 be understood by those who have never known what it is to 
be swayed by the tyrannical domination of an idea or of a sentiment 
Abstraction offends, where it does not excite laughter. Ampere's obliv- 
iousness was of the latter kind, and yet it mnst have offended some, 
since it bus been fancied, and even serionsly maintained, that the many 
instances of which we have all been witnesses were the result of affec- 
tation. This Hcrious charge has been too widely spread to allow me to 
give a kind of assent by silence. I will refer, then, boldly to the con- 
temptible circumstances which gave rise to it. 

Tell us, for example, what advantage could Ampfere expect the day 
wbeu, seated at the table of persons whom all his interest required him 
to treat with deference, he exclaimed in a fretful tone, fancying himself 
at home, "What a vile dinner; will my sister ever understand that, 
before engaging cooks, it is necessary to inquire into their skill 1" 

1 am almost ashamed to have to stoop to such a justification ; for, 
after nil, Ampere is not the only distinguished man subject to absence 
of mind. Would you like to generalize the charge f I cau at once cit« 
the instance of the celebrated astronomer, who, on being asked by his 
bouse-keeiier the exact number of minutes required to boil an egg, 
found with despair that hiswatch, of great value, and on which depended 
the accuracy of all his labors, had been in ihe boiling water for a whole 
minute, while the egg was in his hand. 1 can mention, too, the case of 
the pious Father Beccaria, who, his mind filled with an electrical experi- 
ment even while celebrating mass, shouted in his loudest tones, "Ve^pe- 
rUnza e fatta," when he should have chante^l the Domirtm Vobitcum; aa 
obliviousness, by the way, which, being reported to the ecclesiastical 
authorities, resulted in the suspension of the illustrious physicist. 

To transform an absent-minded man, bythe system just alluded to, into 
a sort of mixture of the imjiostor and the hypocrite, would be to force 
us to destroy some of the clever pages of La Bruy^re, and to coudemu 
to the fiamcs an agreeable comedy of Begnard. There is still another 
consequence, which creates yet more disgust: the inimitable fabler 
would no longer be the worthy man, as Molitire baptized him. While 
admiring his immortal works, we should be forced to deprive him of 

that halo of respi^ct and esteem — iu fact, almost tender attachment 

with which so many successive generatious have surrounded him. The 
cause is lost, gentlemen, when it leads to consequences so violently irri- 
tating to public feeling. 

AmiJ^re's credulity had become in a measure proverbial. It induced 
him to believe one after another the most extraordinary facts iu the 
political world and the most chimerical events in the intellectual. Still 
this avowal can create no prejadic« against the wide repatatiou of the 
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celebrated academician for perspicuity. Orednlity nsually Implies a 
want of intelligenca This, of course, was Dot the case in this instance 
It often arises, too, from a general slnggisbness of mind, aud is well 
described by a popnlar adage : *' I would rather believe than examine/or 
myself.^ 

Indifference, in order to escape the importunities and contentions it 
so mucli dreads, sometimes wears the mask of credulity. But indif- 
ference cannot be general. Though felt towards certalQ Bubje-cts, it 
admits in others a wide field for active interest. Such was the case 
with the grammarian to whom some ooe was describing the fancied 
symptoms of a general conflagration in Europe. He admitted all, ac- 
cepted all, without a frown or a word ; and was about being set down 
as one of the moat crednlons men of the age, when he broke the silence 
by exclaiming, " HappeB what will, I have not less than three thousand 
verbs well conjugated in my lists." 

Amp^ belonged to another class, infinitely more rare, with whom 
credulity was the result of imagination and genius. When he heard 
an extraordinary statement related, his first feeling was that of sur- 
prise, undoubtedly ; but his penetrating and prolific mind, discerning 
possibilities where ordinary minds discovered only chaos, would, with- 
ont iuterval or rest, persevere until he connected the strange pbenom- 
ena, by links more or less solid, to the principles of establisbetl science. 

Should I fear being accused of misunderstanding the human heart 
if I add that the merit of overcoming difficulties had it« influence 
CD the tenacity of our learned associate in defending certain theories 1 
On leaving Lyons, in 1805, Ampere had not weighed well all he was 
lelinqaisbing in the associations and friends of that city. Soon after his 
arrival in Paris he was seized with an attack of genuine nostalgia — 
home-sickness — from which he never entirely recovered. 

In letters of 1813 and 1820, and even of a later date, his acceptance 
of the situation connecting him with the Polytechnic School is described 
as an act of egregious folly. His favorite dreams were combinations, 
always impracticable, to restore him to the haunts of his childhood. 
His griefs of all kinds always found expression in, "O, had I never 
left Lyons!" This, then, gentlemen, gives the key to many circum- 
etances in the life of our friend until now inexplicable. 

Metaphysics, to which I have already referred, were constantly inter- 
fering with the works on mathematics, physics, and chemistry, on which 
oar associate was engaged. They were suspended, but at short inter- 
vals, in 1820, 1821, and 1822, during his electro-dynamic researches, the 
results of which have already beeu shown. 

In 1813 Ampere consulted his Mends in Lyons as to a plan, (I give 
his own words,) " to devote himself exclusively to psychology." He 
&ncied himself called "to lay the foundation of that science for all 
ages." He did not reply to a lett«r from Sir Humphry Davy on chem- 
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istxy. " Ko longer haviug," he stud, " tbe coarage to fix bU thougbts on 
tbat tedious subject." 

I will aay no more, gentlemen, as I wonld be afraid by dnelliog longer 
on tbe barm done to pbysica by psycbology, of exciting against the lat- 
ter too violent an opposition. 

Among tbe vriters conspicuons in literary bistory for tbeir invaluable 
and indefatigable zeal, we sball find some profoundly pious, some iu- 
iliAereiit, and others skepticaL Those, on the contrary, who all tbeir 
lives have been harassed by iotemal religious struggles, have rarely suc- 
ceeded in accomplishing works of great magnitude. Ampere belonged 
much more than we bad suspected to the last class of savants. 

Madame Ami>%re bad early begnn to instil into tbe heart of her son 
tbe pions sentiments animating her own. A diligent study of the Bible 
and the fathers of the church was the unfailing expedient of tbe young 
geometer when'bis faith was wavering. Later in life this talisman lost 
somewhat of its early efficacy, a fact revealed to me by some scraps of 
manuscript, for dnriug bis life Ampfere never allowed me to i>erceive the 
cruel doubts which from time to time disturbed his miod. In glancing 
over to-day his letters to the liiend whom be bad selected as the confi- 
dant of all bis mental struggles, tbe reader is surprised to find that he 
has really before him an account of the excessive tortures experienced 
by the author of the ProvitunaU. "If this were true, however," he 
wrote on the 2d of June, 1815, "miserable creature that I am. " • • 
Former views have not the power to make me believe; but tbey still 
have the power to strike terror iuto my souL If I had only preserved 
them intact, I 'would not now be phinged into this gulf." 

By comparing date3,it is evident to me that these vicissitudes of feeling 
were not unconnected with tbe poUtical revolutions of France, or with 
fiimily afflictions. How readily it can be believed tbat tbe tears filling 
the unhappy eyes do not alone change the appearance of the external 
world! 

In moments of religious excitement there was no literary sacrifice 
Ampere would not have considered light. While at the centi-al school 
of Bourg, tbe young professor composed a treatise on the future of 
chemistrj-. In it were some bold predictions, which at the time did not 
alarm his conscienca The work was scarcely published, however, when 
various circumstances threw Ampfere iuto an extraordinary mystical 
exultation. From that moment he fancied himself in the highest degree 
culpable for having attempted to unveil prematurely a multitude of 
secrets that future ages bore and still bear in their t>OHom ; and seeing 
in his work only the suggestions of iSuten, bo committed it to the flames. 
The illustrious academican has since deeply deplored this loss in common 
'A'ith all interested in the progress of science and the glory of the coun- 
try. Religious doubts were not the only ones which pert>lexed Ampere. 
Doubt, whatever the object, always disturbed his mind in the name 
degree. " Doubt," be wrote to a Lyoonese Mend, "is the greatest 
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torment endured by mim ou earth.'* Here is, among a thousand others, 
a question assuredly of doubtful solution, some would say quite iusola- 
bte, which exercised the ingenuity of our friend, and permit me the 
expression, almost transported him with enthusiasm. The study of fossil 
animals shows that our globe was once the theater of several successive 
creations, which by gradual progression at last reached the condition 
of man.' The earth, at first, ^presented no living thing, no organized 
matter. Then were found traces of vegetation; then invertebrated ani- 
mals, worms, and mollnsks ; later, fishes and sea-reptiles ; later still, 
birds ; and finally mammifers. 

"Do you not see," wrote Ampfere to one of his friends in Lyons, "do you 
not see the palaotJieriums, and the anoplotheriuma replaced by man, 1 
hope for my part, that after a new cataclysm, men, in their turn, will be 
replaced by beings more perfect, more noble and more sincerely devoted 
to truth. I would give the half of my life for the ceitaiuty that this 
transformation will take place. Would you believe it? there are peo- 
ple stupid etutugh, (hid own words,) to aak what I would gain by that. 
Have I not just cause to be indignant at such a question 1" 

It would not surprise me that any one, at the first glance, should 
evince astonishment at my enumerating political events and passions 
amongst the causes so frequently saddening and discouraging Ampere's 
heart, and interfering with his scientific labors. Was not I, his friend, 
forthii-ty years, obliged to read his most private correspondence in or- 
der to discover a trace of those political griefs hidden under an appar- 
ent serenity, an outward show of gentle resignation. 

The year 1815 was marked bj- events cruelly stamped on the life of 
our associate. The Emperor had returned from the island of Elba; 
and the clash of arms resounded throughout Europe ; nations were hur- 
rying to encounter each other on unknown battle-fields, and this terrible 
shock might result in the subjugation of France and the world for 
many lougyears. These thoughts threw the mind of Ampere into the 
wildest state of confusion, and he then had the incredible misfortune 
to become associated with those, and God grant I may never discover 
any traces of them, with whom all he most dreaded was au object of 
hope, in whom the most disastrous news excited transports of joy; who 
thought that the death of half a million of our countrymen would not 
weigh in the balance *against the preservation of their rotten institu- 
tiooa. 

These hideoos sentiments inspired our associate with a well-founded 
and profound antipathy. Again, he found on the other hand, among 
the Parisian popolace manj so violent that, without waiting for provo- 
cation on the part of their antagonists, proposed putting all mercilessly 
to the sword. 

It was at this time that Ampere wrote, (I have the letter at hand) to 
his Mends in Lyons: "I am like a grain between two mill-stones. 
No words can describe the anguish I feel ; I have no longer strength to 
lis 
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aastaiQ life here, I inuBt, at auy cost, return to you, flee iyom those who 
say to me, 'you will suffer no personal iucouveDieucej' as if 1 coald 
think of myself iu the mitlst of such catastrophes." 

Would you not, gentlemen, have a bad opinion of a man who, under 
circumstances so sad, could command sufficitnit tranquility of mind to 
be able to combine formulas, invent apparatus, and make new experi- 
ments? ■ • 

Am[>fere, from diffidence, carefully concealed the painful feeliugs in- 
spired by public events. Twice, however, the measure of bis grief was 
full to overflowing, too full to be restrained. I can cite but one in- 
stance of such despair as that experienced by our associate when in- 
formed of the fall of Prague, and later of that of Warsaw, to be found, 
too, among the former members of the Academy. It was that of Kuello, 
who entering the room with his clothes iu disorder, his face pale, his 
features distorted, began a lecture on chemistry iu these words, which 
I prize as highly as themost beautiful experiment: "I fear I shall fail to- 
day in clearness and method; I have scarcely strength to collect aod 
connect two ideas; but you will pardon me when you learn the Prussian 
cavalry were passing and repassing over my body all night." 

The news of the battle of Bosback had reached Paris the evening be- 
fore. 

Once surrender yourself to the influences of mind, temperament and 
heart in the contemplat:on of political events and the calculation of 
their importance and weight and you will find it difficult to conflneyonr- 
self to those of one period, even were it as fruitful in terrible catastrophe 
as the close of the eighteenth and begtnuing of the nineteenth centuries. 
Biograpbert relate that Lamothe-Levayer died, demanding iu a faint 
voice, "What uewsof the Grand Mogulf With Ampere the Grand 
Mogul was the whole world, time, past, present and to come. The sui- 
ferings of the subjects of Sesostris, Xerxes, and Tamerlane touched in hia 
heart as tender a chord as did those of the poor peasants of La Bresse, 
among whom his youth was passed. To use bis own words, he took the 
same strong interest in what might take place centuries hence, as in 
what was passing under his own eyes. We still recognize in this the 
horror of the doubt not long since alluded to, hut now supported by 
philanthropic sentiments. 

" Friends," exclaimed Lord Byron, m a moment of ill-humor, "are rob- 
bers of time." A great student said before him, but with less asperity, 
"Those who come to see me confer an honor, those who do not come 
confer a favor." Such a tbougbt, equally selfish, in either form, never 
snUied Ampere's heart. Uis study was open to all at all hours. But 
no one ever left, we must confess, without being asked by our associate if 
he understood the game of chess. If the answer were iu the affirmative, 
be would seize the visitor, and force him to play, willingly or unwillingly 
for whole hours. Ampere was too unsuspicious to perceive that an- 
skillful players, (several have themselves told me so,) knew aa iofoUible 
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way of winoing; whea fortaDe seemed agaioet them, they woaW declare, 
in rery positive terms, that after very mature refiection it seemed to 
theiD that chloriDe was undoubtedly oxygenated muriatic acid; that 
the idea of explaining the properties of the magnet by means of electri- 
cal currents was truly chimerical; that sooner or later physicists would 
retoro to the system of emission and consign luminous waves to their 
place among the rusty old lumber of Cartesianism. Ampfere had thus 
the double vexation of finding pretended adversaries of bis favorite 
theories and himself checkmated. 

Philosophers, even those whose whole lives have been passed in digest- 
ing codes of wisdom for all the nations of the world, frequently, in regu- 
lating their own lives, fail to steer clear of the shoals evident to the 
eyes of the most casual observers. Ampere, for example, never seemed 
to understand how much both bis health and science would suffer from 
the isolation to which be had condemned himself. He fancied be was 
yielding to peremptory' medical prescriptions, or to the urgent entreaties 
of friendship, and he really believed be was resting bis mind, when, 
during the day, he passed several bonrs either in profound darkness, or 
without book, pen, or pencil iu hand. Such a delusion could not de- 
ceive ns ; and it was not strange, therefore, that we desired to lure our 
friend, fur real distraction, to the Comedie-Fran^aise ; we were anxious 
that be, who, in his youth had composed tragedies, should partici- 
pate in the pure and elevated pleasure excited by the masterpieces 
of Oomeille, Bacine, Moliere, and at a time, too, when these im- 
mortal poets bad for interpreters such artists as Talma, Flenry, and 
Mademoiselle Mars. Fearing our friend might be restrained by the 
powerful influence of his religious scruples, we concluded to relate to 
him the instance of the lady at the court of Louis XIV who, in con- 
sulting her confessor as to whether she committed a sin in going to the 
theater, received this reply : " Madame, it is for you to tell me." These 
admirable words could not fail to make an impression on so quick and 
discriminating a mind as Ampere's. For a moment we thought our 
caosegajned; in fact, bis mlod and heartwere convinced; buthowcould 
we insist when we saw he hesitated from the very praiseworthy fear of 
wounding the feelings of those whose opinions he regardedl 

I shall have displayed a great want of skill, gentlemen, if iu the char- 
act«r of Ampere, preseut«d to you under so many different phases, I 
have not seemed to offer, at least within certain bounds, a very natoral 
explanation of the despondency to which our friend so often abandoned 
himself, and given the principal causes of the distaste so frequently inspired 
by studies that a slight perseverenee woold have crowned with a bril- 
liant success. A careful glance over the later years of Ampere's life 
will det«ct numberless instances of this despondency and distaste. 

He who in his youth had devoured books of every description, even 
the twenty volumes in folio of the encyclopedia, after reachinga certain 
age seemed no longer to have the energy to read. With only a few ex- 
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Captions the books of bis library' remaioed aucat. Here and there a few 
leaves were foaod jagged at the edges tike a saw, certain proof of th^r 
liaviug been separated by a misapplied finger. An author, even 
amongst the most celebrated, would have vaiuly sought for more Dumer- 
0U8 and more manifest traces of the interest and curiosity of our Mend. 
With the single exception of the plan for a natural classification of all 
buman knowledge, to everything in the scientiflc and literary world be 
had become bo indifferent that, as a proo^ there now is in the hands of 
geometers, and the students of our large schools, a treatise on the differen- 
tial and integral calculus, without the name of the author, title, or table 
of conteots; the pui>lisher, after many ineffectaal attempts, was forced 
to conclude that Ampire would never furnish tb© few lines necessary 
to give the new book tbe fonn of all books since the time of Gutenberg. 

Do not exclaim, gentlemen, at the singularity of this fact. I have, ac- 
cording to my judgment, something still more extraordinary to relate. 

Fresnel, that illustrioos physicist, who carried the experimental art to 
its utmost limits; who, iu the discussions of the most complex phenom- 
ena, succeeded, by tbe force of genius, iu dispensing with those power- 
ftil but almost iuaccessible aids found now in transcendental analysis — 
Fresnel, by his death, left in tbe scientific world a great void, which, in 
one resiiect at least, Ampere could have filled. Fiieuds urged it; they 
painted in brilliant colors the glorious future of fame and usefulness 
which would be added to a reputation already European ; but it was alt 
in vain. Amp&re was deterred by au incredible obstacle ; he could not 
accept the position offered, because, hesaid, it would place bim under an 
obligation to read two essays on tbe theory of waves, with which science 
had just been enriched by M. Poisson. (The two essays were written 
with the elegant precision which distinguishes all the works of that 
illustrious geometer.) Ampere's excuse will astonish every one ; but he 
gave it iu so feeling a tone that to show displeasure would have l>een 
an act of barbarity. If great and small things may be compared, they 
would remind me of tbe reply of the young aod able-bodied workman 
to this question of Marivanx, "Why do you not workf "Ah, sir, if 
you only knew how lazy I ami" 

The large share I have just ascribed to infiueDce of character mnst 
not divert our attention from a cause not less powerful, which has itself 
greatly contributed to diminish Ampere's works. If it is true that the 
discoveries ybose analysis I have just given, in spite of all they present 
of tbe vast, tbe profound, and tbe iugenions, form but an iuconsidera- 
ble part of those which might have beeu the ihitts of tbe powerful in- 
tellecC of our aaaociate, the institutions responsible (solidaires) for so sad 
a resnlt merit the reprobation of every friend of science. I will follow, 
gentlemen, by devoting a few words to the development of this idea, the 
sensible advice of the author of tbe Essay on Eulogies: " In describing 
great men, whether yon emulate tbe gravity of Plntarch or the pungent 
good aeqse of Foutenelle, do not forget that your aim is to t>e asefnl.'' 
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AmoQg the coDteiuporaneouB savants whose wonderfhl talents have 
been misapplied, no Dame is more prominent thau that of Ampere. 

A statesman, celebrated for his witticisms, said of one of his political 
adversaries: "His vocation is not to be minister of foreign affairs." 
And we, in onr turn, might say of Ampere: " His vocation was not to 
be a professor." 

And yet he was forced to devote the best portion of his life to a pro- 
fessorship, and to supply the deficiencies of his patrimony by paid 
lee tares. 

A severe wound received in his arm in childhood had' no little 
share in impairing his manual dexterity. The first place, nevertheless, 
that is given him is that of professor of physics, chemistry, and astron- 
omy, at the central school Ta the department of Ain. The professor 
of physics invariably fails in bis experiments; the chemist breaks his 
apparatus, and the astronomer can never succeed in bringing two stars 
within the field of the telescope of the sextant or circle of refiection. 
Are sach the real difficulties encountered by the modern type of the func- 
tionary called the administrator t He derives from his ofiice the right 
to appoint ; a vacancy occurs ; he fills it, and there, is the end of it. 

Ampere left Bourg to fill the chair of mathematics in Lyons, and 
afterwards the office of master of analysis in the Polytechnic School at 
Paris. In this new position be was not obliged to handle retorts, elec- 
trical machines, and telescopes; more complete success might now be 
expected; but he who undertakes the instruction of frolicsome, rest- 
less, and petulant youth, quick to seize the slightest occasion of ridicule 
to minister to their amusement, will find knowledge and genins not all 
that is necessary for the task. To avoid giving occasion to their mis- 
chievous acuteness, it is necessary to study, by living for a long time in 
their midst, their tastes, their manners, their tempers, and their pecu- 
liarities. The man whose character has been moulded by himself, who 
has not been trained in public schools, lacks one of the elements of suc- 
cess. If your bow is too profound, instead of receiving acknowledge- 
ments for the deference, you excite peals of langhter. Eccentricities, 
ignorance of the world, and what is called in our artificial society a 
want of style, did not interfere with Ampere's right to rank first among 
the savants for perspicuity and ingennity; but we must acknowledge 
his lectures suffered in consequence. But the superior powers of a mau 
of geniiis should have easily commanded a more jadicious and useftil 
position ; and science itself, with its exquisite sensibilities, must regret 
that one of the noblest and most glorious of its representatives should 
have been exposed to the jests of giddy youths and idle minds. 

In the seventeenth chapter of his second book of his celebrated es- 
says, Montaigne makes this confession : " I can neither calculate in my 
head nor on paper ; the greater part of our coins are unknown to me ; 
Dor do I know one grain from an other, either in the field or in the 
bam, unless the difference is very apparent; nor can I distingaish cab- 
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bage fhtm lettuce in my gardeu ; and I understaud still less of traffic; 
and my knowledge of merchandise is more limited HtiU." 

Aaipfcre, who was a very skillful botanist, would ueverliavecoDfonuded 
cabbage with lettnce, but ho was aa little skilled as the philosopher of 
Piugueux in trafiic and mercbaudise, wbich is showu by the astonish- 
ment he expressed wbeu wishing to initiate himself somewhat into the 
details of his little household ; he saw fifty francs for parsley in the ex- 
I>eDse of a mouth, and six hundred fraucs for the whole year. 

This, then, nevertheless, is the man who, for more than a quarter of 
a century, received each year as iuspectur-geueral of the university the 
mission of coutrolling the expenses of our principal colleges ; and think 
not he was better qualified to examine the professors and scholars, for, 
ODce excited, his ardent imagination would straightway overleap the 
boundaries of classic theories. A word in Jest or seriousness wonld 
often hurry him into unknown paths, which he would explore with the 
most surprising clearness, utterly unconscious of bis surrouudiugs. It 
was in this way that year after year the theory of Avignon, the de- 
monstratiou of Greuoble, the proposition of Marseilles, and the theorem 
of Moutpellier, enriched his public lectures delivered at the polytechnic 
school and college of France ; but this habit of . our friend of distin- 
guishing each of his conceptious by the name of the place where it 
originated, makes us fear that be did not give at Aviguou, Grenoble, 
Marseilles, and Moutpellier that individual attention that duty required 
of the examiucr. 

If Ampere little suited the ofilce of inspector-general of the uni- 
versity I can assert the office as little suited him, for Lis domestic re- 
sponsibilities, a beneficence often exceeding the limits of prudence, at 
times, too, when his Mends urere anxiously calculating kow much his 
ivaaU exceeded his means, the extravagant habit of altering unnec- 
essarily the proofs of the priutiug-offiee, his endless desire for the con- 
struction of uew apparatus for electro-magnetism, prevented Ampere 
irom resigning the principal source of a modest income. So fur from 
this, every year when the offices were distributed in the bureaus of the 
university, did we see our frieud submit with resignation to the busi- 
ness of a solicitor to obtaiu a position wbich might itfjure his health and 
could not add more than a hundred francs to his domestic economy, and 
waste in painful, humiliating, and frequently fruitless efforts his most 
pi'ecious time. 

Finally, he depaits, and for three or four months the authoruf the subtle 
thcoriesol'electro-dynamicsgocsfi'omdepartmeut to department, from city 
to city, from college to college, couteudiug with a parcel of wretched chil- 
dren. Whole daysare passed bearing thcmdecline, conjugate, and explain 
passages from ifertmandthe metamorphoses, orlu detaining them before 
the so much dreaded black-board, where they stammer over the certainly 
very harmless, but very prosaic, iTiles of multiplication, division, and 
the extract of roots. The hour of return has also Its tribuiatioos of 
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a difforeot nature, but not the less poignaut. The portfolios of the 
aniversities have hastily stowed away in their recesses tniuute lists of 
the barbarisms, solecisms, and errors in calcniatiou, which the iuspector- 
general must esamine. Their gaping jaws also demaad the accounts, 
giving the expenditures for the bedding, fiiruiture, and provisions of 
thirty boarding-schools. It is in vain onr friend, who has scarcely the 
jMjwer to reduce his own favorite works to writing, is asked for such 
accounts. In a letter, after enumerating the numerous and very 
just causes of annoyance by which he was besieged, he gave the finish- 
ing touches to this sad picture in these words : " The severest and 
most painful of duties is to bo seated, pen in hand, immoveable before 
a desk." Ampere would then have to submit to the demands of the 
clerk, the head of the bureau, the chief of the division, and tho minis- 
ter, all leagued against him; and during these daily stniggles, pro- 
longed until the time for new iuspections, he expended more time, more 
ingeuuity and thought, than were required to produce a chapter of bis 
theories of electro-magnetism. 

So miserable a prostitution of the highest intellectual faculties can 
have no supporters witliin these walls nor anywhere else ; but some one 
asks, Wbere is the remedy ! The remedy would not be difficnlt to find. 
1 would suggest that the colossal budget should not forget that Prance 
is covetous of all kinds of glory. I would suggest that it should guar- 
antee an tnde[H;ndent support to the limited number of men whose pro- 
ductions, discoveries, and labors command the admiration aud are the 
ebaract«ristic features of all ages. I would suggest that these intellect- 
ual powers as soon as discovered should be placed nnder the tutelary 
protection of the whole country ; that it should watch over their full 
luid complete development ; that it should not permit them to be wasted 
on commonplace subjects. Any objections to which this iilau could give 
rise must be more specious than solid. I had summed them up and re- 
futed them, but a want of time obliges me to defer this portion of my 
work to another sitting. I intend to make it the subject of a special 
proposition on which I shall ask the opinion of the public before sub- 
mitting it to the decision of a legislative vote. There is, however, one 
point about which, from this time, there conld lie no dilference of opin- 
ion, for every one will acknowledge that, under the liberal regime I have 
just sketched, Ampere would have been one of the first of savants to 
f%el the effects of his country's munificence. Free, then, from all care 
and anxiety, released from a multitude of laborious occupations, nig- 
gardly details aud petty services, our friend would have been able to 
caiTy out with ardor, entiiusiasm, and perseverance the tlionsands of 
ingenious ide<\8 with which his mighty brain was daily teeming. I re- 
marked not long since that the discoveries and works which he has 
left behind him, would occupy a distinguished place in the history of 
science, and be honored by posterity, and I added, too, without the fear 
of contradiction, that they were but a small portion of what there vatt 
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every reason to expect from one of the most sabtle and profonnd minds 
eTer created from the ao rare auion of the spirit of detail with the 
powers of generalizatioD. TliiB idea did not originate with me. I dis- 
covered it sometimes unveiled, sometunes .veiled, in eveiy page of Am- 
pere's correspoDdeuce with the friends of bis youth. Each day onr as- 
sociate, unfortunately, weighed in the balance what he had done and 
what he should have dooe, aud each day the results of this examina- 
tion iuvreased bis intense sadness. 

YoD uow know the secret of wbaC embittered bis whole life ; of hiu 
desire to have iDscril>ed on bis tomb the brief bat most expressive epi- 
taph, also selected by a celebrated Swedish mioister — 

Happy at last I (Taodem feiis.) 

DEATH OF AMPfeBEi 

Ampere left Paris iu a saffering condition, August 17, 1836. Hi" 
friends, notwithstanding, were full of hope aud coDfideoce, inspired by 
the thoaght that a southern climate bad once before restored bim to 
health. But M. Bredio, who had joined bim at Saiut-Etienne, did not 
share this delusion. The learned superintendent of the veterinary 
school of Lyons discovered iu Ampere's appearance unmistakable symp- 
toms of decay; his whole face seemed changed, even the bony outline 
of the profile. All that remained unchanged about him was, and this 
was exerting the most fatal influence on bis already shattered condi- 
tion, the.enthugiiistic and absorbiug interest he evinced in everything, 
north, south, east, or west, that could possibly ameliorate the present 
condition of the human race. The racking cough which was weakening 
our friend by slow degrees, his painfully changed voice, his increas- 
ing feebleness, all denmnded silence aud absolute rest, even those least 
interested iu him would hesitate to make him ntter ten words ; yet when 
M. Bi-edin declined to enter into a minute and dltBcult decision on the 
pro[H>sed changes in the second volume of the Esaatf on the Phitoaopkif 
end Classification of the Sciences, Am[>ere became most violently excited. 
"My bealtlt, my health!" he exclaimed. "Totalk of my health ! There 
should be no questions between us but those of eternal truth." These 
. exclamations were succeeded by a profound development of the delicate 
subtle links, imperceptible to the generality of men which unite the dif- 
ferent sciences. Then passing beyond the conditions at last conceded 
by M. Brediu, Ampi-re, kindling with enthusiasm, summoned to bis 
presence, for more than hour, all who, in ancient or modern times, have 
influenced, for good or for evil, the lives of their fellow-beings. This vio- 
lent effort exhausted bim, and increased bis illness during the remainder 
of the j«imey. On reaching Marseilles, the city of bis affections, which 
once before had restored bim to life, and which bad overwhelmed his 
son with so many warm-bearted kindnesses, he seemed iu an almost 
hopeless conditiou. The tender and respectful attentions of all the 
fbnctionaries of the college and those of a skillful physician produced a 
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aligbt improvement. His iraot of great age, too, seemed a source of 
hope, for no one recollected tiiat Ampferemight have said, with the Dutch 
artist Van Orbeeck, "Connt doable, gentlemen, count doable, for I have 
hved day and night P 

Oar associate did not share the hopes of bis friends. When leaving 
Paris he knew himself near death, proof of which I have found in a let- 
ter recently sent to me, in his answer to the urgent exhortations of the 
chaplain of tbe college at Marseilles. "Thanks, M. Abb^ thanks; before 
starting on my journey I performed all my religious duties." Ampfere's 
resignation in bis last moments astonished all wbo knew bis excitable 
disposition, his lively imagination and warm heart. No one ever ex- 
pected to hud bim display the calmness of that ancient philosopher, 
who, on tbe bed of death, requested to have all disturbing iuduences 
removed, iu order, he said, to be able the better to ol>ser\~e wbat would 
take place at tbe exact moment of tbe separation of soul and body. A 
few momenta before oar associate lost entire conscioasnees, M. Des- 
chape, provisor of the college of Marseilles, beginning to read in a low 
voice tbe Imitation, Ampere remarked that he " knew the book by heart." 
These were, I believe, his last woids. In addition to the fatal chronic 
affection of the Inugs, be was now seized with a high fever ; and on the 
lOtb of Jane, 1836, at five o'clock in themoruing, our illnstnons associate, 
sinking under the accumulated bodily and mental sufferings of sixty 
years, as Buffon so beautifully expresses it, "died before be had finished 
living." 

Tbe same day tbe wires of Marseilles transmitted . the sad news to 
Paris, where it excited, as you remember, the most profound and uni- 
versal grief. And let no one think this swift lerial messenger dropped, in 
this instance, its official role to intrude itself into tbedomaiaof priiate 
life; for Ampere's death was a public calamity. 

[The following sketch, which was originally published iu Blackwood's SIt>Kazine, 
fainiahcK an illuatratiou of eume traits of this cliar^tcr of Aiiii>ere as preH(.u.«il by 
AlBgo:] 

Ampfere, the friend of Davy, and whilome one of tbe great natural phi- 
losophers of France, is selected for this sketch, not from the space he at 
present occupies in science, but for la petite comedie que void,* and the 
amiable old age be exhibits. Ton see a venerable ortegenaird of small 
statnre, clad in a coat of grotesque cut, on which the marks of climac- 
tercial decay are as visible as upon tbe excellent old man who has borne 
it for a quarter of a century. He has parted with his teeth, bis mem- 
ory, and his elasticity of step, bat he retains his bonliommie, his deligbt- 
fnl mannerism, and ever and anon exhibits some fiickerings of that en- 
thosiasm iu the cause of science with which he began life and without 
which nothing is to be done. I dare not, however, meddle with the 
splendid fragments of that genius which so olten startles you into the 
conviction that a great man is addressing you. J have bei^u ]irescut at 

The little farce which follows. tAn eight; year old. 
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several amusiag little scenes enacted between himself and bis pnpils ; 
and one or two arc so illustrative of aiunsing simplicity aud a not-to-be- 
superannuated good-nature, that I shall venture to try their efTect sec- 
ond-baud. On the very first day I went to hear him, (it was au introduc- 
tory lecture,) be bad so filled tbe slate with first and secondary branches 
of the goodly tree of science as to leave no room for more boughs, 
unless by topping tbe head and abridging the undue growth of tbe origi- 
nal shoots. Space was wanted, and tbe remedy should have been at 
hand; but, lo I the sponge had disappeared, and could nowhere be 
found, though tbe class showed much empressement in seeking it. At 
last, with a look most comically solemn, the old gentleman drew out his 
cotton representative for a foulard* and looking first at the slate and 
then at tbe moudioir,] plainly coutd not make up bis mind to sully its 
gaudy colors by exacting from it tbe office of the spouge. But while 
necessity and reluctance were contending for the masterj' on hia features, 
tbe sponge was picked up by one of tbe students and eagerly presented 
to M. Amp6re, whose delight aud manner of expressing it were irre- 
sistibly comic. Seizing it between both his bands, as if to be sure that 
it was uot the shadow of the veritable detergent, but tbe very substance 
that be held, he basteued to the door, aud putting his head out, called 
to his assistant, & la Molidrc, in the happiest and most iiDconscions 
imitation of the de Povrceangtiae accent " Je Fai trour6; c'est a dire, 
on Va trouv6—il iVentend pas. [Aside:] Momieur ! Ecoutcz done !" Then 
at the highest pitch of hia voice, "Jlonsieur ! ne rows donnez pa^ la pcijie 
dela chercher; je Vai id; onvteat de la ramasser ! " "I have found 
it, that is to say, it is found. He doesn't hear me, (aside.) Monsietir ! 
I say. Monsieur, don't trouble yourself about it; I have got it here; 
they've just picked it up!" Then, quite regardless, and apparently un- 
conscious, of what the French journalists call " une vive explosion d?bila- 
ritff'f from the class, he resumed as if nothing had occurred. He had 
been lecturing on the polarization of light and heat, and had assumed 
a square ruler and a pasteboard almanac to represent a cylindrical ray 
and a transparent medium of trausmissiou, when gra^lually warming 
with his subject, he began (as one is apt to do iu lecturing) to describe 
parabolas with his nder, one of which encountered the tumbler, (which 
is here d^usagc,)^ and broke the pieces of glass into his eau 8ucr^e.\\ (With- 
out eau suer^e nobody could get on with a lecture at thfe College de 
France or the Sorbonne, though law and physic lecture with nnlubri- 
cated fauces.) Out of this balf-demolished glass, he was presently 
prepariug to drink, when half a dozen voices at once called out, "Jfon- 
sieur Ampdre, eh, Monsieur Ampire, q'u allez-vous done /aire f "Monsieur 
Ampere, ob, Monsieur Ampere, what are you going to dot" But he, 
nothing heedful of these exclamations, raised the tumbler to his lips, 
And began to sip its now dangeixma contents. In an instant one of the 

'A leal bandana. f Cnatomai;. 

t Haadkeicbiof . || Sugar aud water. 

(A load bunt of meniment. 
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foremost in the class springs forward and seizes the old man's haud, 
another wrests the tumbler from his grasp. A scene ! Profound silence 
in the class ! The veocrahle man looks at them ironically. " Thank 
yon, gentlemen ! Very kind of you t But you are giving yourselves nn- 
uecesisary trouble ! I took it for granted that my class understood the 
laws of gravitation. With your permission, gentlemen, I will first driuk 
ray CUM siicrde, which I want, and will then give you a hint, which you 
appear to want." He now drank without further molestation, and then 
di'awiug in a long breath — "Ek! comment, Messieurs, vouUz vous qu'il 
estendu daitger t Ne savezvous done pas que le verre est plus pesantque 
Veau ?" " What, gentlemen I then you thought there was some danger ! 
But ain't you aware that glass is heavier than water I And did you not 
observe how careful I was to drink the contents of the tumbler at a rea- 
sonable aoglel" Then, taking up the tumbler, he continued to incline 
it over the table till it wasnearly horizontal, and so on, till the pieces of 
glass fell out, and the class laughed. " Ah ! sije Vavais bu a cette angk- 
l&.' — maisfai 6(6 plus adroit I" "Ah! if I had drunk at this inclination! — 
but 1 was too knowing for that." Here (for it was at the end of his lee- 
tuie that this little episode occnrred) a bright-eyed damsel went up and 
asked some question respecting the course of rays of light through cer- 
tain media, but whether old Ampere rcterred.her to Ms heart, as we 
shoukl have done, we could not hear. She colored, however; her eyes 
seemed pleased with the interpretation given to herquestion,whateverit 
might have been, and they walked out together — a "January and May" — 
separated only by the insecure partition of the pasteboai-d almanac which 
the elder of the months still kept in his hand. 
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THE SCIENTIHC LABORS OF EDWARD LARTET.' 



By Dn. P. ];'ischeii. 



The Geological Society ot France has always paid due respect to the 
memory of tlie meu who have taken an active part in its transactions 
and whose scientific reputation oaght in justice to be perpetaated. 
M. Ger\ais, president of the society, has already expressed the uni- 
versal regret caused among us by the death of M, Lartct, and one of 
his pupils may now be allowed to review the labors of the estimable man 
whose loss we deplore. 

Edouard Amand Isidore HippoIyt« Lartet was bom on the 15th of 
April, tSOl, in tlie department of Gcrs, at Saint Guirand, near Castelnau- 
Barbareus. He was descended from a family which had settled in the 
country at a very early date. He was the youngest of five brothers, 
with' whom he was sent, for education, to the Lyceum at Auch, and ho 
was one of the three pupils who received the medals awarded to that 
establishment by the first Napoleon. His predilections were for history 
and archseology rather than the judicial sciences, but, in deference to 
the wishes of his father, after leaving the college of Aach ho entered 
the law-school of Toulouse, where he graduated in 1820. By a singrdar 
coincideuce, Cuvier, then counselor of state, signed, instead of the min- 
ister of public instruction, the diploma of a youth afterward to be 
distinguished in the path which this emiuent scieutist had opened to 
Valeoutology. 

In order to perfect him in the practice as well as the theory of his 
profession, he was now sent to Paris, in company with an elder brother. 
Here, while fultilhng the duties imposed utwn him with that fidelity 
which cliaracterized him throughout life, he found time for Lis favorite 
studies. After he had mastered the rudiments of these scieuces, he 
continued to pursne them, and as his store of books was not large be 
sold those he had read in order to obtain others. When he returned to 
Gers he was not only prepared for the practice of the law but for the 
especial researches which afterward rendered his name illustrious. 

M. Lartct, after completing his law education at Paris, sctlled in Gers. 
The pi-actiee of his profession was, however, confined to giving iMlvice to 
the pea.s;ints, which was the more highly appreciated because gratuitout<. 
Fre(]uent emanations of this kind from the kindness of Iiis lieart cousti- 
tut«l a prominent trait of his character. Imi>elled by gratitude his 
clients frequently brought him medals of Gallo-Romanic antiquity which 

*A traliHlalinii for tlio SmUhsonian lostitution of "Note sur In ,vii- ct ]es iravuui 
d'Eil. Larli!t, par M. le doctear Fisclier, lu k In stance g6n(rai<i aiiiiiii'llu ilu la Sorit^tiS 
gCologiqiio du t'rauiio," from " Vie et travnui d'fidonard Lartet; nolicta el discoura 
publi&) ik roccaaioii dea a moit," pp. 3C>-!>5. 
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they had found occideDtally, and such fosail bones as liod attracted tbeir 
attention.* Oue of tbe«e gifts, the tooth of a mastodon, seems to have 
detemiinett his tnie vocation, and led to one of the most important dis- 
coveries ID geology, that of the contents of the marl-pit of Sansan. He 
soon gave himself up entirely to the stady of geology and comparative 
auatomy. He made several underground explorations, and then, hav- 
ing eutered into communication with some of the savaus of Paris — Blain- 
ville, Arago, Floorens, Geotlroy St. Hilaire, Michelio, Desnoyers, &c., 
commenced the publication of his researches. From 1S34 to 1870 be la- 
bored unceasingly in the development of new and interesting results; but 
m order to appreciate his investigations, it is, I think, neccssarj- to group 
them under three principal heads, and to examine in succession the pab- 
lications relating to the fauna of Sansan, to tertiary paleontology, and 
to the quaternary period. 

I.— INVESTIGATIONS BELATITB TO THE MARL-BEDS OP SAHSAM. 

The existence of fossil bones at Simorre, in the department of Gere, 
had beeu noticed in 1716 by Bt^anmur, but no oue had described this de- 
posit or studied its fauna. M. Lartet, who resided at a short distance 
from Simorre, and who had discovered marl- beds much richer at Sansan, 
was surpiised to find that importaut diB'M^nces existed between the re- 
mains of vertebrata of these two localities. The fauna of Sansan pre- 
sented a large number of new species of mammals,' and was terminated 
by the existence of a stratum containing numerous terrestrial and duvial 
molluscs. M. Lartet described the strata of Sansan in a letter ad- 
dressed to Geoffrey Saint Hillaire in 1834. Encouraged by his dis- 
coveries, be undertook a series of methodical researches, which were soon 
to render famous the locality of SansaD as well as the uame of the natu- 
ralist who explored it. In 1837 the work was sufficiently advanced to 
establish the general characteristica of the two fauna of Simorre and 
Sansan. While at Simorre the dominant species were reduced to two 
dinotheria, five mastodons, three rhiuocero8e5,oue pachyderm resembling 
the wild boar, one small stag, aud one large ruminant; at Sansan the 
dinotheria appeared to be wanting; the rhinoceroses were dESereut — ^had 
four fingers apon the fore feet. Among other mammtdia was observable 
one paleotberium resembling that o£ Orleans, one auoplotherium, one 
animal similar to the anthracotberimn, several stags, one antelope, one 
small ruminant, one gigantic carnivore, its teeth indicating affinity with 
the cat and the dog, one dog, one large cat, several rodents, &c. But 
the two most remarkable specimens of the fauna of Sansan were un- 
doubtedly a large edentate and a veritable monkey. The edentate 
seemed to M. Lartet very similar to the gigantic pangolin of Cuvier, 
bot as its teeth were molars it conld not be classed in the same family 
as the pangolin. As to the monkey, the lower jaw and its dentition 

■TbepeBBODtasDppoae these r^cimeua weretbecraatiotis of the devil, wbo imitated 
in the bowela of the earth the works of the Deitir. 
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were complete — four incisors, two canines, fonr false liiolars, six molars ; 
in all, sixteen teeth in a continuoag series — the dental formula of man 
and of some monkeys. 

M,Lartet com preliended immediately the importanceof the discovery 
of tbemoulieyof S»nsan,and the inflaeuce it would haTea[)on the prog- 
ress of puleontology. "We have here," said he, "a mammal of the fam- 
ily of monkeys, contemporaneous with the paloeotherium and the ano- 
plotherinm, extinct genera long considered the most ancient inhabitants 
of our continents. Tyi>es of certain genera are not, then, so recent as 
has been generally supposed. Perhaps sooner or later further observa- 
tion may teach us that this ancient system of nature, still so little tnown, 
was neither less complete nor leas advanced in the organic scale than 
that in which we live. M. Lartet's communication produced quite a 
sensation in the Institute, and excited a discussion the interest of which 
may he appreciated when we recollect that at this time Cuvier'a " Re- 
searches on Fossil Bones" formed the alpha and omegaoftbe paleontol- 
ogy of vertebrates. 

(Juvier, after a critical examination of the bones of men and of mon- 
keys supposed to be contemporary with extinct species, proved that they 
were not authentic. He then remarks upon the tardy apitearance of the 
monkey and man. It is astonishing, he says, that among all these 
mammalia, the larger number of which have living representatives in 
warm climates, not it bone or tooth of a monkey has been found. No 
trace whatever of man — all the bones of the human species hitherto dis- 
covered among the fossils were placed there accidentally. In thus as- 
sociating the time of the appearance of man with that of the monkey 
Cuvier gave great eclat to the happy discovery of the monkey of Sansan, 
as it was very probable that the discovery of the fossil monkey would 
be followed by that of the fossil man. 

The caution of Cnvier in regard to the antiquity of man has been in 
these latter days singularly exaggerated. Instead of blame he ought to 
receive praise for the precision of his researches, the most important 
result of which has been to compel the supjwrters of the antiquity of 
man to bring forward positive and multiplied proofs in support of their 
hypothesis instead of premature assertions. It would be well if some 
of the advocates of tertiary man had possessed a small portion of the 
critical acumen which was one of the most important characteristics of 
the mind of Cuvier. 

Blaiuville, who prepared the report of the communication ofM. Lartet, 
agreed with him, after the examination of the jaw, in the opinion that 
it had belonged to a monkey of the old world — a monkey superior in 
degree, anl that no li^ingspecieswas identical with it. From the above 
conclnsirm he proceeded to the discnssion of trivial and unimportant 
points of anatomy. lie regarded paleontology merely as a description 
of fossil animals compared with their living representatives. The idea 
of a ifuccession of living beings in order of time; of the diversity of 
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taunaoecordiDgto tlicir geological periods ; of their correlation with the 
temperature, the extent, and the flora of ancieut coutiDeuts, did not 
ocenr to bis purely analytical mind. It was far otherwise with Geoffroy 
Saint Hilaire, who, notwithstanding his errors, his obscurity, and tlie 
affectation ot'^is language, boldly sought to penetrate the mystery of a 
science still in its infancy. Geoff'roy called his articles Bemarks upon 
the singular and important fact in natural history of the einvtence of a 
gpecies of monkey found in tliefogail state in the south of France, " It has 
been asserted," he says " that the monkey of Sansau is allied to the ape 
of the Sunda Islands, and yet the animals thus related, the one so old, the 
other nowexisting, are separated by tbonsands of centuries," Wo would 
suppose that, in contemplating fossil bones, the idea of their wonderful 
antiquity would alone completely absorb the mind. " The discovery 
of the fossil jaw of the monkey by M. Lartet seems to me to be the 
commencement of a new era in the knowledgeof the human species; 
of new research into the distinguishiug characteristics of the various am- 
bient media ; of closer approximation to the laws which govern those 
grand domains of the universe, where from age to age the mutation of 
things is aceomplished." 

Certainly the successful labors of modern paleontologists in relation 
to the climate, the fauna, and the flora of the tertiary and quartemary 
periods, have realized the aspirations of GeofTroy Saint Hilaire. What 
progress has been made in this difhcult branch in less than thirty years, 
and how much may be anticipated from the future of a science whose 
development hiis been so rapid ! It is easy to foresee the light it will 
throw upon the history of the evolution of life upon our planet. But 
Geoffrey 8aiut Hilaire went still further — the new facts disclosed hy 
paleontology he regarded as so many new argomenta against the theory 
of the fixity of species maintained by Cuvier. " The incessant muta- 
tion of things," he writes, "is a dominant fact verified by every new 
geological discovery." We see by a review of these discussions how 
much the savans of the Institute were at that time engrossed with the 
problems of jialeontology. Blainville shortly after read betbre the Insti- 
tntci a report upou a new set of fossils from Sansan, which were described 
by M. Lartet in a letter to Flonrens. 

M. Lartet observed a singular conformation in the stags of Sansan ; 
the horns seemed the same at every age, and to all appearances were 
not dropped as those of living deer. M. Lartet proposed the name 
dicrocerus for this group of ruminants. Blainville approximated them 
to fC. mantjakj the genus cervulus, whose very pi-ominent frontal pro- 
longations are crowned by horns which are shed every year. 

An accidental discovery, at this time, of a peculiarity in the denti- 
tion of the ruminants of Sansau will be more fully described elsewhere. 
The evolution of the second molars is quite complete before the loss of 
thtf false molars or milk-teeth, while in living animals of the same group 
the loilk-teeth are replaced before the appearance of tbe last molar. 
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The compcmitioD of the teeth is aUo not the same. Corticid or cement 
was waatiug in those of tbe ruminants of Sansan, although found in 
the teeth of the fossil ruminants of Anvergne, roost of which are more 
recent. 

Tliese ingenious researches of M. Lartet formed tbe germ of a work 
which appeared in 1S68, in which be laid still more stress apon tbe dif- 
ferences between the fossils of tbe same genus of successive geological 
peiiods in regard to the strocture of the teeth and the size of tbe 
brain. 

In 1839 M. Lartet published bis .first snmmarj of the discoveries in 
geology and paleontology in the department of Gers, with an appendix, 
in which were described forty -four species of fossil vertebrates. Another 
article, publisbwl in 1851, nnder the title, " Desa-iption of the Hilt of 
Saman," was exclusively devoted to the paleontological examination of 
tbis locality, and of the other fossilifcrous deposits of Grcrs. The author, in 
order to explain the richness of the fanna, and the profusion of bones 
found, supposes that a lake existed at Sausau in which tbe lacnstrine mol- 
luscs lived, and into which thevertebrates were thrown after tbeir death, 
fle shows that great difference exists between the fossil and the living 
fauna of Sansan, and will not admit that the existing animals descended 
directly from tbe miocene animals reconstructed by himself. Finally, 
he gives a complete list of all the vertebrates he collected, with the ad- 
dition of a catalogue of the terrestrial and lacustrine molluscs described 
by Saint Ange of Boissy, Noulet, and the Abb6 Dupny. 

This list, after its publicarion, was modified to suit tbe changes in 
nomenclature, and then confided to M. D'Arcbiac, to be inserted in bis 
report on tbe Paleontology of France, {1868, p. 360.) Tbe fauna of 
Sansan comprises seveuty-one mammals, representing thirty-nine gen- 
era, eighteen birds belonging to twelve genera, twenty -eight or thirty 
reptiles, a few fishes, and forty molluscs of twelve genera, tbe largest 
collection of vertebrates in our country; and very few localities in the 
world could show a similar accnmnlation of animals in as limited a space. 
• In 1845 M. Lartet sent a synopsis of his recent discoveries at Sansan to 
the Institute. "About 8,000 or 10,000 remains have been collected, 
among them tbe bones of a large fossil edentate or Macrotiierium, and* 
enough parts of a dinotberinm to convince naturalists that this ani- 
mal is not cetaceous, but rather a terrestrial qnadmped. There is 
not a single species identical with existing forms. This special point 
on the earth's sur&ce known as Sansan, has, it seems, given birth to a 
variety of mammals much greater than that now existing. Every de- 
gree in the animal scale has been here represented, including the 
monkey. A etill higher type — that of man — it is true, has not been 
found ; but because he is wanting in these ancient formations we need 
not conclude that be did not exist" 

These ideas in regard to tbe fossil man were singularly in advance of 
tbe age in 1846. It almost seems as if M. Lartet had a preaentlmeat of 
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the important part he was to tabe later in the scientiOe discnssioa of 
the coDtemporatiness of man tuad the large Quaternary mammals. 

Through the intervention ot the professors of the mnsenm, the ground 
whei« the excavations had been made at Sansao was purchased by the 
government, and M. Lartet gave to the musemn his rich collection of 
fossil vertebrates, which may now be seen in the galleries of that estab- 
lishment. In 1851 new excavations were made under the direction of 
MM. Laurillord, Merlieux,andA. Milno-Ed wards; and in 18(i9 M. Lartet 
himself presided over some explorations, which led to the discovery of 
some very iotfiresting fhigments of large mammals and uamerons re- 
nuuns of small vertebrates. 

a. — INVESTIGATION IN BEGAED TO lEETIAEY PAiBOHTOLOOT. 

The scientific activity of our lamented fellow-member was not confined 
to the study of the fossil fauna of Gers. We are indebted to him for a 
number of articles upon various subjects connected with paleontology. 

In lS5o, Constant Provost announced to the Institute the discovery, 
in the osseous conglomerate of Jilendon, of the tibia of a bird, of a very 
large size, called Oastomis Parisiensia. The zoological affiuitios of the 
gastornis were warmly discussed. M. Hubert considered it a palmiped, 
nearer a swan than a pelican; M. Lartot, although be allied it to the 
lamellirostral palmiped, thought that Jt came &om a bird less essen- 
tially a swimmer; Talenciennes compared it to the albatross, and Dum^ril 
to the stork, while Bichard Owen thoaght it resembled the diuornia 
and large quartemary birds of New Zealand. At this day it seems 
probable tiiat the opinion of MM. Hi^bert and Lartet was correct. 

Two years after BI. Lartet described another large bird, of the softened 
miocene of Armagnac, the Pclagornis mtocwntia, distinguished solely by 
a humerus a third longer than that of the altjatross, and consequently 
of all living birds. The pelagomis approaches the longipeniiate palmi- 
peds. 

The comparative rarity of fossil birds in the marl-beds surprised M. Lar- 
tet^ It is possible that on account of their pecubar oi^nization they may 
have escaped more easily tlian other vertebrates the modifying influences 
of physical changes. Hence the great interest in studying them is to prove 
whether they are initially endowed with a specific power of longevity sulB- 
cient to continue them, by successive generations, down to the present 
time. 

M. Lartet, afterconnecting his name with the discovery of the monkey 
of Snnsna, had the. good fortune to describe a new fossil animal of 
the same group, the Dryopithems Fontani, found in the neighborhood of 
Saint Oaudens by M. Fontain. It was represented by a fragment of the 
lower jaw, and a humerus, and was found iu a stratum with the macro- 
therium, tlie dicrocerus, and the rhinoceros, similar to those of Sansan. 

The dentition of the Dryo^tkeeus places -it between man and the ape; 
12 3 
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it ongbt, therefore, to be classed with the superior orders of the simian 
group, which include the orang-outang, the chimpanze, the gorilla, the 
ape, and the Protopitheem antiqum of Sansan. 

In the same basin of Garonne, M. Lartet discovered a new species of 
Sirenian fossil, the Rytiodm, whose enormously developed incisors seem 
to be related to the means of defense of the dugong. The classificatiou 
of the fragments, collected at Sos (Lot eC Garouue,) was attended with 
great difBculties, which were, Itbink, very skillfully overcome. 

The collections of our associate incladed numerous remains of probos- 
cidian fossils, (dinotherinm, mastodon, elephant) He saw the necessity 
of settling first their specific characteristics, and then of establishing 
their stratigrapbical age. His undertaking was laudable and of unques- 
tionable utility, since tbe teeth of the proboscidians are almost always 
foond in the tertiary and quaternary deposits. It was first necessary to 
elucidate an obscure system of synonymy; then to show tbe denial 
- formula of each species, to settle the question of the successive evolu- 
tion of tbe teeth ; to fix the time of tbe fall of the milk teeth, aud finally 
to give tbe characteristics of the persistent grinders. Such was tbe work 
proposed by M. Lartet in bis remarkable memoir upon the dentition of 
the proboscidian fossils, and the stratigraphical distribution of their re- 
mains in Europe. 

He proves the probable existence of four species of dinotberia, notwith- 
standing the large number of species described, and in oppositiou tio tbe 
opinion (beld by several naturalists) of the union of these species into 
one. A beautiful fragment of a young dinotheriuiu gave him an opi>or- 
tunity of observing tbe evolution of the teeth. 

Among tbe six species of mastodons admitted by bim he shows a new 
form, the Mastodon Pyrenaicut ; tbe replacement of the teeth in the 
mastodons was exhibited to him by the jaw of the Alastodon angm- 
titlens. Among tbe elephants he recognizes four species identifying 
the Elepkas prvseus with the elephant of Africa. 

The appearance of these fourteen proboscidians was anticipated iu 
Europe by that of the rhinoceros. The dinotherinm and tbe mas- 
todon are found in the miocene period; but, while tbe dinotherinm 
disappeared or becomes extinct iu the miocene, tbe mastodon died out 
in the pliocene. The elephant born in the pliocene disappeared from- 
Europe probably after the establishment of man in that countrj-. 

In 1856, M. Lartet gave, conjointly with M. Gandry, an account of the 
fossil fauna of PikermL The importance of these collections of ^I. 
Gaudry in Greece are now well known; fifteen species of vertebrates, 
represented by thirty-three genera, have since been described in his 
article upon tbe fossil animals and the geology of Greece, but in IS5C 
the classification of the fossils had hardly commenced. There were 
!iumerous remains of monkeys, a careful examination of which proved 
hat tbe two species described by Wagner and Both, under tbe names 
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of Mcsopitheciis Pentelicux, find Mesopitkeem major, were only the two 
sexes of tbe same monkey. 

MM. Lartet and Gkiiidry mention a large edentate of Greece, like tbe 
m»crotheriam of Sanaan ; they also describe the Thalaaaictia robusta, 
the Hystrix prtmiffenia, and give details in regard to several other 
species discovered by Wagner; but the most valnable facts brought to 
light by their article relate to two fossil giraffes, one of which after- 
wards became the type of tbe curious genus Selladotkerium. Tbey also 
pointed out the analogy between the fauna of Fikermi and that of 
Cucuron, and the excavations of M. Gaudry and Cucuron have since 
conflrnied their riews in this respect. 

M. Lartet observed that^ with the most ancient ruminants of the ter- 
tiary period, that part of the molar-teeth which forms the enameled 
crown above tbe socket was shorter and projected less beyond the edge of 
the alvoolus than with the qnatemary ruminants or existing species of 
tbe same family. 

JI. Lartet concluded from this that tbe tertiary lynx, whose molars 
are not so long in the crown as in ihe animal now in existence, must have 
been sliorter lived, since theduration of life necessarily depends upou the 
functional persistence of those indispensable organs of nutrition. 

He also observed that in the old mammals the size of tbe brain was 
small compared with that of the head. Cuvier had before been im- 
pressed by the small relative volume of the brain of the anoplotheriitm, 
and supposed in consequence that the animal had very little intelligence. 

The examples presented by M, Lartet in support of his thesis are con- 
elusive. Thus, the Braehyodon eocenus of tlie eocene, the lophiodons of 
Issol, have brains smaller and less complicated than that of tbe Caenothe- 
rinm of the lower miocene of AUier ; the brain of the Hipparion has 
fewerconvolutions than that of the horse; the wild-cat {Viverra antiqua) 
of the miocene of Allier has a cranial bone less voluminoas than that of 
tbe living species, while its olfactory lobes are more developed. 

The size of the cranium, considered in relation to the length of the en- 
ameled crown of the teeth, induced M. Lartet to suppose that the longev- 
ity of animals increases in direct proportion to the cerebral development, 
and consequently the animals now existingought to live longer than their 
corresiwnding types in the ancient world. 

I ought to mention among the researches of M. Lartet in regard to ter- 
tiary fauna, his latest work ni>on the Trechomys BondueUi, a rodent of 
the size of a rat, from the upper marl of the gjT»SHra of Pantin. Mo- 
lars with a crown similarly formed may be found among existing ro- 
dents of the American tyi>e. Among fossd rodents which have some 
relation to the Trechomya may be mentioned the Tkeridomya and the 
IgoptychvB. 

In the caleareons formations of Gironde, M, Lartet mentions the nnex- 
pected association of a rhinoceros with an aDtbracotherinm and a paleo- 
tberinm. These fossils were tliscovered by M, Dellortrie, of Bordeanx, 
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The rhinoceros may be compared to the R. tati^ens ; the aathracotherinm 
to the Eippfpotamiis leptorhynchus, of EonzoQ, near Puy-iu- Velay ; the pa- 
leothurium to a species of Paloplotlterium of the calcareons deposit of 
Rouzon. The existence of the rhinoceros is thus carried back Xa the 
fHuie of tlie paloplotherium. The same relations between tliese animals 
(may extend to the beds of Hempstead, in the Isle of Wight, where there 
are hippopotami and paleotheriaus ; also, to Bournocle Saint Pierre,Trhere 
the Rhinoceros Brivatenms has been found associated witha paleotheriiun. 
Certaio types of mammals which have been for a long time considered 
as characteristic of distinct tertiary periods ought now to be examined 
carefully with reference to the age of the deposits in which they are found. 

ni. — RESBAQCHES RELATIVE TO QUATERNARY FAUNA TO THAT OP 
THE GATES AND TO THAT OP THE PRESENT TIME. 

The researches of M. Lartet in regard to quatemarj- fauna, to that of 
the raves, and to fossil man, added greatly to his reputation, and placed 
him among the most illustrious sarans of our countrj'. He did not seek 
celebrity ; modest, conscienrious, and burdened with the hea%'y respon- 
sibilities of an official position, he loved science for the pleasure it 
gives its votaries. His amicable relations with most of the naturalists 
of Europe was of great advantage to him, and his careful study of qua- 
ternary and tertiary t'aiuia prepared him for the discussion of the great 
question of fossil man. It was, therefore, not surprising that he should 
have distingnisbed himself in this branch of natural science. 

The memoir of Af . Lartet upon the ancient migrations of the mammals 
of the present time may be considered as an introduction to the consid- 
eration of the fauna of the caves. According to his observations, the 
quaternary fauna includes two distinct zoological groups : The first is 
represented by the elephant of Africa, the two-homed rhinoceros, the hip- 
popotamus, the lion, the panther, the serval, the striped hyena, the genet, 
the wild boar, &c., animals now nearly all African, which lived in 
Europe before, during, and after the great migratory phenomenon of the 
north. 

The second zoological group is composed of mammals of northern 
origin, Elephaa ■primigeniits, Rhinoceros tickorhiiitis, and many sjiecies of 
Europe. A few of its representatives, the mnsk-ox, the lemming, the 
glutton,the reindeer, since theqnateniaryi)eriod, have migrated to subarc- 
tic latitudes; othnTS, saciiaa the Elephasprimigenitts^ the Rhinoceros tich- 
orhinus, Cerviui ffiffanterts, Boa primigenius, Ursns spela«s, &c., arc gcac- 
rally becoming extinct, in accordance witli the laws which control the 
longevity of iDdi\'idualR, and so linut the duration of species. 

Truly an examination of the quaternary fauna is not less important 
ihan that of the ])erio<ls which preceded and followed it, and we cjin 
well comprehend M. Lartet's opposition to the doctrine, then all-power- 
ful, which reduced to a short period of physical convulsions, the time 
during which the quaternary species were developed. " This quaternary 
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period," be says, " wtiicta is regarded by many aa a sudden and violent 
traoBition from geological to present times baa probably witnessed tbe 
development of millions of successive generations of the mammals 
whieh DOW inbabit Enrope, and the day may not be lar distant when 
tbe word cataclysm will be expelled fram the vocabulary ol positive 
geology." 

This theory in opposition to tbe great effect of cataclysms upon tbe 
existeuce of species was elaborated and supported by incontestable facts 
in " some rcTtiarka upon the geological antiquity of the human species, in 
Southern Europe," addressed by M. Lartet to tbe Academy in IStiO, and 
printed in the BibliothSque de Oenive. 

In regard to the discoveries of M. Boucher des Perthes, then greatly 
contested, M- Lartet considered that all doabt would be dissipated if 
traces of human action could be found upon the bones of tbe animals 
exhumed at tbe quartz works. He then sought for tbe quaternary 
bones described or mentioned by Cuvior, and found upon them very 
evident traces of the action of flint instruments. 

The human race who worked the quartz of Amiens inhabited Eng- 
land and France were the same. Tbe two countries were then nnited ; 
their separation did not take place until after the deposit of tbe diluvial 
banks. After that event no great catastrophe occurred in Enrope; 
the water courses may have been more rapid, buttliey did not overllow 
the limits of their present hydrograpbic basins. A dozen mammal.s, 
more or less, disappeared by gradual and successive extinction, and the 
greaterpartof the terrestrial population passed through the ordinary 
supposed changes of this long quaternary period. 

From ISGO M. Lartet was almost exclusively employed in the cnvcs, 
and we are indebted to him tbr interesting descriptions of Auriguac, of 
the Madeleine, of Laugerie, of the Eyztes, of Brnuiqnel, and of several 
other celebrated localities. It is difBcult to give in a limited space an 
idea of the various matters discussed by M. Lartet in regard to these 
caves; questions which belong to ethnology, anthropology, primitive in- 
dustry and even history ; but I cannot pass over in silence the oppor- 
tune intervention of paleontology in the chronological classification of 
the caves. 

In looking over the list of the great quaternary mammals, it will be 
seen that eight or nine extinct or emigrated species have been found 
among the remains of the caves. Some of these have never been met 
with except in the lowest strata of these caves, where they have been 
succeeded by several zoological generations, while their presence in the 
oldest dilavium equally attests their age. Several successive periods 
may thus be distinguished during the time of the caves. 

For instance, the Ursua speUem seems to have appeared the earliest, 
and to have become extinct before tbe animals associated with it. The 
Elepluu primigeaiua and its faithful companion, the Rhinoceros tichorbi- 
nt», are found in tbe diluvium, but are wanting ui the peat, the kitchen 
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refuse, the lacustriau babitatioas, &c. The reindeer, on the coutraty, are 
Btill m existence, as also the urus or bison of Poland. 

M. Lartet divides the period of primitive Lamaiiity into fonr ages: the 
' age of the bear of the caves, the age of the elephant and of the rhiuoce- 
ros, of tbe reindeer and of the Poland bison or auroch, bat these sys- 
tematic divisions are applicable only to a limited region. In Litbnania, 
tbe aurochs still exist, as in tiie time of Ctesar the reindeer was still an 
inhabitant of the hercyniau forest. 

Such were tbe facts disclosed by M. Lartet by bis examination of 
the cave of Aurignac. In his other exca^'Rtions all his sagacity was 
called into play by the figures of animals sculptured and engraved — the 
first artistic effortis of the men of the cax-es. It would be unjust not to 
mention in this connection the name of the English savan Christy, who 
displayed so much zeal in the exploratlous of Perigord, and who pre- 
[lared, with M. Lartet's assistance, a beautiful work entitled "lieiiquicE 
Aquitanic(BJ' 

It was iu association with M. Christy, that M. Lartet calculated tbe 
zoological population of most of the grottoes of P6rigord. " A race, 
aboriginal or otherwise," he says, "inhabited this region in the same 
l>eriod with the reindeer, the bison, the wild goat^ the chamois, animals, 
some of which have now representatives only in extreme climates, while 
a t^w descendants of others are found on tbe suuuuits of tbe Alps and 
tbe Pyrenees. These people were not acquainted with the use of metals, 
they lived by bunting, and no animal was domesticated by them. Their 
sculpture indicates great artistic feeling." 

We are indebted ti> this aitistic talent for a very satisfactory repre- 
seutatioQ upon an ivory tablet of the Dlepluu primigeniua. This re- 
markable specimen came from the cave of the Madeleine. The figure 
of the reindeer is found engraved upon many of the bones from Perigord. 

All the facts relative to the eaves of tbo southwest part of Trance 
were to have been collected in a large volume by MM. Christy and 
Lartet, but unfortauately this interesting book was not completed, in 
consequence of the premature death of its authors. The parts published 
are filled with original research iu regard to the caves of the valley of 
Vezere, the ancient fauna of P^rigord, the grotto of Cromagnon, tbe 
exploration of which was made by a sou of M. Lartet, and the human 
fossils of Cromagnon, Stc. 

M. Lartet also examined the bones of the caves of the Maritime Alps 
and of Herault. He foaud in the cave of Mars, about two miles &om 
Veuce, a new species of bear, sti'ougly resembling in some respects the 
polar bear ; this bear was associated with the leopard and the Shittoceros 
Merkii. From tbe rbiuoceros M. Lartet endeavored to dcCenniue the 
characteristics of the quaternary rhinoceros, of which the affinities are 
very obscure. 

In conclusion I would call attention to a memoir upon the fossil 
musk-ox, a portiou of the skull of which was fouud in the diluvium of 
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Pr^cy, (Oise.) There was ootMng pecnliar in the character of this 
fossil; its classificatiOQ was easily determined; bnt its presence in the 
quatenmiy period was a fiict worthy the consideration of paleontolo- 
gists. H. Lartet mentions as analogous cases the reindeer found at the 
foot of the Pyrenees; the sperm whale of the bone-pit^ of Montmo- 
rency, and that of the caves of Perigord, which resemble the American 
species; the bear of Canada, which is identical with the supposed 
agouti of the caves of LiSge; the antelox>e found at Perigord; the 
desman, of Muscovy, in Korfolk, described by Owen under the name 
PaUeoapalax magnus, &c. Were these cousecutive changes of habita- 
tion due to elective migration ; to a forced retreat on account of the 
invasion of man, or to a gradual reduction of the species destined to 
become extinctt 

This sketch of the works of M. Lartet, however incomplete, may give 
some idea of the character of bis mind. He was to the last degree 
careful and accurate in the examination and classification of fossU 
specimens ; but their character once established ou a firm foundation, 
his ingenuity, Ms patience, his originality, and power of close observa- 
tion frequently from facts apparently the most sterile, developed very 
unexpected and interesting results. The definition of genius, as 
applied to a well-known naturalist, "genius is patience," was fully 
exemplified in him, and be was never more patient than during his 
excavations in the caves, while in bis application of paleontology to 
the classification of the fossil specimens found there, he truly acted as 
a pioneer in this branch of science. 

In the latter years of bis life M. Lartet, whose modesty equaled bis 
wisdom, received many marks of honorable distinction. He was elected 
to preside over the Geological Society in 1866 ; shortly after the Anthro- 
pological Society gave him the same testimony of esteem. He was made 
President of the International ArehJBoIogical and Prehistoric Anthropo- 
logical Congress, which was inaugurated at Paris in 1867, and which 
claimed the honor of having originated theories in regard to fossil man- 
He was appointed a member of the commission for the History of the 
Transactiom of the Exposition of 1867, and took an active port in tbe 
organization of tbe very interesting anthropological galleries. He ren- 
dered important assistance in tbe formation of tbe museum of Saint Ger- 
main, and was made au officer of the legion of honor at time of its in- 
auguration. In 1869 he was elected by the professors of the museum 
to the chair of paleontology, made vacant by the death of M. d'Arcbiae, 
whose loss was deeply deplored and whose memory will always be vene- 
rated by tbe Geological Society. 

M. Lartet was sixty-eight years of age when he entered upon his pro- 
fessorship ; he bad never undertaken a course of public instruction, and 
felt the importance of the task imposed upon hina. He prepared a cer- 
tain oomber of lectures, but unhappily, to his great regret, his health, 
already impaired, prevented a full exposition of his views iu regard to 
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tertiary fauna. His physicians sooii interdicted all inteUectnal work 
and recommended his retnm to liis native air as the only hope of recoveiy. 
He left Paris in the early part of Augast, a prey to the most gloomy 
presentiments, and had hardly arrived at Gers, near Sansan, the scene 
of his former labors, when he was heart broken by the national misfor- 
tnnes of the French, at the time of the foreign Invasion; his strength 
foiled rapidly, and he expired on the 28th of Jannary, 1871, less than 
two years after his appointment by the mnseum, beqaeathing to ns an 
example of a life honorable, disinterested, and entirely devoted to science. 
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AS ADDRESS DEUVEBED AT THE ANNUAL COMMENCEMENT OF THE 
WORCESTEB (MASSACHUSETTS) FREE mSTirUTE OF INDUSTRIAL SCI 
ENCE, JULY 31, 1B72.- 



Bt FROFKaeoR Amdrkw P. Pbabodt, of Habvabd Coixeob. 



Many years ago there was a strong feeling tliroagboat New England 
in behklf of manoal-Iabor schools (so-called.) I think I atu right in 
saying that the. experiment, wherever tried, failed. The reasons are 
obvious. The labor was not skilled labor, and therefore gave no mental 
revenne, and very low wages. It was merely a clamsy endeavor to 
enable poor yoong men to pay by the least remnnerative kinds of work 
for tbeir board and toition at a halftime school. The hand-labor not 
only tanght them nothing, bat stnpified those of them for whom that 
work remained to be wroagbt. Most of them, however, started with 
Dot a very large or active brain-capital; for so slow and limping a gait 
had few attractions for yoath of genjns or ability. 

This institation is at the broadest remove &om those, in theory and 
in practice. Its name so implies. It is an iustitate of industrial science. 
Its labor is brain-work; its machine-shop is a recitation-room ; its me 
chanical processes correspond to tbe collegian's drawings on the black 
board ; its finished products, to bis corrected and approved diagrams. 
Its object is to train liberally educated mechanics and artisans — men 
who shall start in life with progressive ideas and the power of rapia 
self-advancement; who shall diffuse intelligence while tbey create 
values; who shall adorn as men tbe society which tbey enrich as opera- 
tives ; who shall have, independently of their callings, a selfhood im- 
measurably more precious and more honorable. 

In addressing the students, graduates, and friends of this institation, 
I have chosen for my subject the worth of an extended education to 
mechanics and artisans. 

Suffer me to begin with the lowest consideration, that of money's 
worth — tbe lowest as it is commonly called, yet by no means to be 
despised ; for though we have the best authority for saying that "tbe 
love of money is the root of all evil," this love and the sordid qualities 
which it implies and engenders are, I think, oftener produced by piuch- 

* FuroiBhed by the author for pabllcatioa by tbo SmithNnian Instilution, at its 
■pecial reqneat. 
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ing penury tliaa by earucd and merited prosperity ; while the position, 
iDQuciice, and capacity of asefulaess wbicb moaey confers are wurthy 
of every mao's strong desire and honest endeavor. Especially do tbey 
suit tbe ambition of bim who may hope to enrich himself by the crea- 
tion of values, and not by specniating npon them. 

Let us analyze tbe price of a finished commodity. Here is alatbe,or 
an air-pump, or a steam-engine, held at a certain price, which, where 
conii>etition is free, very nearly represents its exact value. That valne 
is composed of three parts : the wages of labor, tbe wages of skill, and 
tbe reimbursement and profit of capital. 

The wages of labor, that is, of mere physical force, or of processes 
whieli require no knowledge or discretion, constitute tbe smallest part 
of this value. Labor can never earn more than a mere subsistence, nor 
ought it to earn more. Left to itself, it cannot produce more than 
enough to sustain a meagre, starveling life. The aborigines of Nortii 
America had dwelt ou this soil for hundreds, perhaps thousands of 
years, yet had not only accumulated no wealth, bnt were aoable, ex- 
cept at rare intervals, to secure a satisfying supply for tbe rudest wants 
of nature. A New England farmer, even with the ownership of his 
land, if be apply no skill or science to his farm, though be, his wife, and 
his children toil incessantly, can obtain barely the necessaries, hardly 
any of tbe comforts of life. :Xow, tbe wages of labor must be measured 
by its products, and by this measure will generally fall short of the cost 
of comfortable living. They somewhat exceed this standard in oui' 
country at tbe present moment. Tbe reason is that in the development 
of our resourees, the construction of railways, and tbe opening of fresli 
soils, the demand for manual labor keeps a little in advance of the sup- 
ply. Bnt what mere bone and muscle can cam in an old and settled 
community, what their earnings tend to become and may very soon 
become here, may be learned by the wretched pittance of English opera- 
tives, not sufiQcient to save their families from a death-rate which shows 
that poverty is no less destructive than pestilence. 

Moreover, low as these wages are, the tendency in a fully-settled 
country is to a still farther decline. Though production may increase, 
the demand for unskilled labor diminishes. The time was when all 
work was done by hand. Now, machinery driven by steam or water- 
power supersedes the greater part of hand-labor. All the strong men in 
tbe habitable world could not exert the amount of physical i>ower which 
is at this moment at work in the bttic island of Great Britain. Tbe 
substitution of machinery for human strength is still going on. Steam 
is replacing even the shovel and the pickaxe ; and tbe time will come 
when the Briareau steam-eugiiie, with its fireman and feeder, will every- 
where do tbe work which a hundred arms do now. The supply of labor 
thus tending constantly to exceed tbe demand, its wages mnst sink 
very nearly to the starvation point. 

The second part of the price of a uiauufactured commodity is tbe 
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wages of skill. This is distribated among the workmen employed, iu 
proportion to their respective degrees of skill. He who can work only 
as a journeymen under tfae direction of others, or who cau perform bnt 
a single and not very difficult process iu a complicated piece of work, 
receives a somewhat higher compensation than be would ^t for carry- 
ing a hod or shovelling earth, and this Blight advaaee is the price of the 
imperfect traiuiug and the moderate degree of brain-power which he 
puts into his work. He, on the other hand, who understands every 
part of his business, who can knowingly direct the labors of others, 
who can insare for the articles of hie manufacture the highest reputa- 
tiou, and can be relied on for the fulfillmeat of his contracts, can ob- 
tain » price fully proportioued to his superior skill and ability. His in- 
come is a compensation for the amount of labor which his skill super- 
sedes. A part of the saving inures, indeed, to the public in the cheap- 
ening of the commodities produced, but a large portion becomes the 
legitimate recompense of his own skill. Competition will prevent his 
receiving more than he fairly merits. The roaster-machinist or manu- 
facturer, who has some hundreds of operatives under his employ, eveu 
though he have twice or three times the salary of the governor or chief 
justice of the State, earns all that is paid to him, and is at the same 
time a public benefactor to a very large extent ; for the commodities 
that he furnishes would, under a less skillful superintendence, be pro- 
duced at a much greater cost. But for skill like his, clothing and fur- 
uifure, that are now within every one's reach, would be too expensive 
for tlie means of any save the richest purchasers. 

But this skill, except in the rarest instances of mechanical genius, 
is to be acquired by education alone, and not by the mere training of 
' the hand, but equally of the brain. The skilled laborer cannot dispense 
with the knowledge of chemistry, physics, and mathematics. By chem- 
istry be must learn the properties of materials, their proportions and 
laws of combination, the action upou them of oxygen and hydrogen, of 
beat, light, and electricity. By physics he must become acquainted with 
the mechanical powers, the strength of materials, the effect of friction, 
the constants and variables which must always be taken into the ac- 
count to prevent either the deficiency or the waste of force. But physics 
is a mathematical science, and chemistry has become one; indeed, till 
it was one, it hardly merited the name of science. Without a very 
tborouch mathematical training, neither chemistry nor physics can be 
so understood that the artisan cau have a fair command of his mate- 
rials, instruments, and forces ; can meet unexpected exigencies ; can avail 
himself understaudingly of improved processes; can calculate results, 
economize resources, and give his products their highest degree of per- 
fection. Then, too, the skilled artisan needs general culture. He is to 
conduct correspondence, to treat on equal terms with men of intelli- 
gence and education, to maintain in society a position worthy of re- 
spect and confidence, to do bis part toward i-atsiug bis special calling to 
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the rank of a liberal profession ; for this is what the varioas depart- 
ments of mechanical art onght to be, and they will be tbns called and 
recognized, bo far aa tbeir professors show themselves men of liberal 
unrtore. 

The third part of the cost of a commodity, is the reimborsement and 
profits of the capital expended in buildings, machinery, and raw mate- 
rials. Capital is, in fact, the accumulated savings of tbe wages of skill. 
Labor creates all values. But, ae we have seen, mere hand-tabor can 
no more than support the laborer; it leaves no surplus to be saved. 
Skilled labor, on the other hand, creates more value tlian tbe laborer 
consumes, aud tbe surplus remains in hand — in tbe ruder states of so- 
ciety, in such wealtii as can be locked up in coffers, ward-robes and 
granaries ; in a more advanced community, in such forms as admit of 
its expenditure in industrial operations. By laws, wbicb I have not 
time to expound, but as inevitable as those by which the little streams 
of a valley lose themselves in the rivet' tliat drains it, small capitals 
tend to run together, and thus to form the large capitals, which are the 
object of BO mnch senseless jealousy and hostility. These large capi- 
tals are indispensable to the stability of indostrial operations ; tor even 
in the most lucrative descriptions of business there are not nnfrequeut 
seasons of stagnation aud reverse, which would be ruinous, were there 
not capitals ample enough to keep tbe wheels of industry in motion 
without immediate revenue. 

Capital ought to earn mnch more than tbe mere support of its holders 
and managers. It ought to have such profits as will lead to its own 
large auuual increase, which is needed, in part, to replace the immense 
amonnt of property annually destroyed by fire, storm, shipwreck, and 
disaster, and, in part, to meet the essential outlays for tbe industrial 
demands of a population growing rapidly, both in number and in wants. 
Here let it be remembered that all capital, in order to yield a profit, must 
be used for industrial purposes. The boarding of it is a mere fiction. 
It must all be worked over, and the labor and skill which it employs 
must be paid for before the capitalist receives the first dollar of his in- 
come. It will be observed, also, that large capitals, so fitr from super- 
seding, utilize, protect, and cherish small capitals, however invested, 
whether directly iu industrial enterprises, or indirectly through banks ; 
aud while the absorption of small capitals is constantly going on in a 
healthy condition of society, their creation is more rapid than tbeir ab- 
sorption, as in a rainy season the brooks and streams receive from the 
heavens more water than they can carry into the river. 

Now tbe point which I wish to urge is this: By the education given 
nere, the mechanic or artisan is enabled to secure for himself at once 
the wages of labor which will feed and clothe him, tbe wages of BUpe- 
rior skill which will yield bim a surplus revenue, aud the profits of 
capital, by tbe investment of bis savings year by year, and of the con- 
stantly increasing iucome of those savings. This, iadeed, is tbe proper 
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way of settling the conflict lietweeo labor and capital. Every skilled 
laborer belongs to both parties, and in flgbtiog againat capital be is at 
war with himself. If he begins life poor, liis interest may, indeed, then 
seem to be on the side of labor ; bat with every year's savings it is 
more and more for his interest that capital should yield a remunerative 
income, and tlie very measorcs which, if successful, would impoverish 
the millionaire, would render his modest surplus earnings unproductive 
and tbeir investment insecnre. Tbe graduates of this institute may re- 
gard themselves as capitalists in the near future ; for the brain-power 
that is furnished here is the very material from which wealth is created. 
Were I familiar with the names in Worcester, I know that I could point 
oat to you not a few of the proprietors of these great mannfactariug 
establiabmeuts, who came hitber with no resource except hands and 
brain, and have fairly earned, by industry and skill, every dollar of the 
lens and hundreds of thousands which it may be literally said they are 
worth ; for, though a man may not be worth all the money he has, he is 
worth all that he has honestly acquired. 

But there are higher grounds on which institutions like this should 
be cherished. We are training in oar schools of industrial science dis- 
coverers and inventors in their several departments — men who will 
shorten and cheapen tbe labor of production, introduce new applications 
of science to the useful arts, and add permanently to tbe wealth of 
humanity by industrial improvements. 

There are some families in the vegetable creation — dicecions, so 
called — in which the fructifying pollen and the fruit-producing blos- 
some are elaborated on different plants. Similar has been the case, for 
tbe most part, in the industrial world. Inventions have generally been 
the joint product of two very different classes of minds, neither of which 
could have effected anything without the other ; and, not unfrequently, 
between tbe two an important invention has been kept for many years 
in abeyance, and, when finally perfected, has been of doubtful or dis- 
puted parentage. Tbe germinal idea or principle has been conceived 
and suggested by a man of learning, science, and studious and rcdective 
habits, but of no practical skill. He has tried in vain to embody it; 
has encounteretl, it may be, ridicule, opposition, contempt. Perhaps, 
after years of fruitless endeavor, ho has lapsed into unhonored penury or 
death. His idea hsis been taken up by some man who had tbe skill to 
actualize what ho bad not genius or knowledge enough to originate, 
and he has reaped the honor and the profit of his predecessor's iiueom- 
pensated study and toil. As by the old slave-law the child follows the 
fortunes of the mother, so tbe invention — the brain-child — is, by geu- 
cueral consent, accredited, not to tbe fertilizing mind, but to the pro- 
ducing band. 

An obvious instance may be found in the history of the application 
of etbor as an anaesthetic agent. You know that Drs. Jackson and 
Morton both claimed the invention, and both, I believe, with equal 
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truth, though by the law which I hare specified the right was MortoD's. 
Jackson cooceived the idea, for which Morton's scientific knowledge was 
iuadeqaate. Morton contrived means for the successful esperinieDt, for 
which Jackson's practical skill was inadequate. Had Jackson been a 
practising dentist as well as a chemist, or bad Mori:on been a scientifi- 
cally educated man as well as a dentist, either might have borce the 
undispnted hooor of discoverer and inventor. 

Id a certain sense inventions are said to be the work of their age 
rather than of individuals ; but they have generally been a little behind 
their age. A new and fruitful idea has commonly been current in the 
scieatilic world tor a generation or more, before it has been actualized, 
and this for the simple reason that the scientific men have not had the 
skill requisite for successful experiments, and the men of practical skill 
have not had science enough to recognize and welcome the dawning of 
any new light. Thus, an invention of prime imjiortance has often hov- 
ered long within the near reach of both speculative and practical men, 
waiting for that conjunction of science and skill without which it could 
not assume an available form ; and when it has been at length brought 
forth, many ha<l approached so near it and had so distinctly antici- 
pated it as to claim with entire honesty the merit of its inception. 

The histoi-y of steam-power affords numerous illustrations of the prin- 
ciple which I have ennnciated. A full century of experiments by spec- 
ulative philosophers oti steam as a working force had elapsed — with the 
construction of various forms of machinery, which demonstrated its 
potential eflScacy, yet were too curabroua, or too frail, or too restricted 
in their range of work to be put to any use, except for pumping water 
from mines — n'hen the steam-engine, with its cylinder and piston sepa- 
rate from the boiler, came from the hands of Newcomen, the blacksmith, 
and Cawley, the plumber, about the beginning of the last century. 
Some sixty yeais later, Watt conceived the idea of a separate condenser, 
to save the loss of power and the waste of fuel by the alternate heating 
;iiid cooling of the cylinder — a contrivance which alone and at once 
placed steam in advance of all other mechanical agencies, and gave sore 
presage of its enduring and world-wide supremacy. But he, though a 
mechanical genius of tlie highest order, was hardly more than a self 
taught workman, having Lad but a single year's apprenticeship to a 
Loudon matbematicnl-instrument maker. His conception and foresight 
of bis great invention were clear and vivid ; but his own working-power 
was very limited, and in all Glasgow he could not find artisans capa- 
ble of the delicate workmanship required, the collective skill of the city 
not sufficing for the casting and boring of a cylinder, while a hammered 
cylinder lett fatal interstices betwecu its inner snrt'ace and the piston. 
After fourteen years of speculation and experiment he had got no 
further than to show that he ought to have succeeded, and was yielding 
to despair under the pressure of i)0verty and repeated failures, when he 
oiiterccl into partnership with Boulton, a trained and skilled mannfac- 
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turer in iron and steel, in Birmingliam, the emporium of skilled labor 
lor the British Empire. Under tliese uew anspices bis progress was a 
contiunous triumph — a triumph wMob, however, was his, only because 
bis partner was a jast and true-hearted man ; tor it is under precisely 
such circumstances that in numerous instances the actual inventor has 
succumbed to the skilled and able artisan, while Boulton left to Watt 
tbe fame that was his rightful due, and took care that his long years of 
toil and want should be crowned by an old age of ease and af&nence. 

Attempts at navigation by steam were made at intervals for a century 
and a half, or more, bat generally by men who had more science than 
art; often by those who had neither, but only a vague. conception of the 
capacity and destiny of this mighty agent which was to inaugurate a 
new era for human industry and enterprise. Some of these experiments 
were partially successful, yet failed to combine the essential conditions 
of power, speed, managcableness, and durability. Fitch, had he been 
a well-traineil mechanician, would undoubtedly have antedated by sev- 
eral years tbe establishment of steam-navigation on our western waters. 
Bnt the glory was reserved for Fulton, who, though not educated as a 
mechanic, had made himself one by taste, stndy, and matured practice, 
and was as familiar with tbe details of material, method, and workman- 
ship as with the scientific conditions to which all these are subservient. 
Yet even he was retarded in the snccesaful execution of his plans by 
the fact that he was not by profession a machinist or a ship-builder. 
The idea, full grown and available, preceded its final embodiment by at 
least fourteen years, an interval in which he had experimented in France 
under disadvantages and discouragements that wonid have been fatal 
to the scheme, but for his indomitable elasticity and hopefulness. Had 
he been master of a machine-shoi> or a building-yard of his own, he 
would undoubteflly have launched the Clermont not later than the first 
year of this century instead of the sevBnth, and would have been spared 
the litigations with rival claimants which imbittered the residue of his 
life, and hastened its close, leaving, as his biographer says, for " the only 
patrimony of his children, the load of debt which their parent con- 
tracted in those pursuits that ought to command the gratitude, as they 
do the admiration of mankiud." 

Of the disabilities under which an inventor may labor in consequence 
of his not being an artisan by profession, we have a striking illustration 
in Eli Whitney, the inventor of the cotton-gin. In his case the concep- 
tion and the execution were united. He was a man of thorough literary 
and scientific education, and at the same time of a native mechanical 
genius, which attested itself in bis very boyhood by tlie manufacture of 
tools, cutlery, and mnsical instruments, of peculiarly good quality and 
finish. After graduating at Yale College he went to Georgia under an 
engagement as a teacher. Cotton was at that time almost worthless as 
a staple of agriculture and commerce, as it could be cleaned from the 
seed only by hand, at the rate of a pound of tbe gross cotton per day 
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for eavb lalxtrer. He saw at once tbe possibility of performing tbis pro- 
cess by machiaery, and constructed a rude and impertect model, worked 
by hand, which turned out fifty ponuds of the cleansed staple per day. 
But be found in Georgia neither tbe workmen nor the materials for per- 
fecting his invention or for multiplying bis machines. It took him 
years to get tbe manufacture well under way. Meanwhile, in tbe eager- 
ness for the use of tbis wealth-yielding processi his patent-rights were 
ignored ; cotton-gins embodying bis principle, with trivial variations, 
were multiplied ; tbe interest of intrusive manufacturers and that of the 
planters who adopted tbeir contrivances, and thus laid themselves open 
to legal prosecntion, were arrayed against him, and elicited a strong 
public sentiment to bis prejudice ; sixty suits were instituted before he 
obtained a single legal decision in his favor ; and bis invention, which 
at once raised tbe whole southern section of the country from thriftless 
poverty to abounding opulence, was to him never worth tbe parchment ■ 
OD which his patent was engrossed. 

Now the effect of institutes like yours is to replace tbo dioecious by 
monoecious trees — to have tbe pollen and the fruit-buds grow on the 
same stalk. You have here, students and graduates, all that careful 
training can do for you to make you discoverers and iuventors — to en- 
able you both to initiate and to actualize industrial improvements, and to 
reap, without binderauce or rivalry, yoor merited honor and recom- 
pense. Moreover, nothing less than this training can put you on the 
arena with the ])romise of success. No accurate practical results can 
be reached without the most exact calculations ; for, whether man 
know, or bo ignorant of, tbo laws of number and proportion, all sub- 
stances and forces in nature obey tbem, and man masters nature only 
by making tbem his rule and measure. 

Your literary education here tends in the same direction. Especially 
is this true of the command you acquire of tbe French language. He 
who would contribute to tbe industrial advancement of mankind must 
know what others have thought and done, how far each separate art 
and science has advanced, what unsuccessful experiments have been 
made and therefore need not be repeated, and in what directious men of 
learning and skill are looking for the new light of wbicb they may uncon- 
sciously be the harbingers^ and the French has been for more iban a 
century the mother-tongue of science and tbe useful arts, abounding 
equally in encyclopedic works and in monographs, and presenting tbo 
most advanced views in every department of physical philosophy and 
of practical technology. 

With these exercises of the schoolroom you have the education of 
the workshop, far more systematic, comprehensive, and esiict than 
could fall to your lot under the best private auspices. You thus will 
be prepared to execute or direct your own plans, to embodj' your new 
thought in wood, steel, or brass, and to insure for yourselves a fair 
trial of whatever process or agency may seem to you an impravement 
on the past. 
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Tbiok Dot that the canon of ioTentive genias is closed. It is bat just 
opening. Agente may be slumbenng unrecogoized tbat shall Bopplaot 
tbose now in tlie ascendant;. Steam — tbe sovereign of our time — may 
yield tbe sceptre to a mightier energy. Tbe power now obtained by 
the holocaost of forests and tbe disemboweling of tbe solid earth may 
be replaced by some one of those elementary forces which "spread 
undivided, operate nuspent." The geoeral use of condensed air for pur- 
poses of locomotion by land and water is now as probable as that oi 
steam was a century ago; and Ericsson has advanced as far in tbe 
former as all tbe predecessors of Fulton bad done in the latter. How 
know we tbat tbe electro-magnetic force which we have bamussed to 
our thought may not one day bo yoked to onr railway trains t Who 
can say tbat the pretended generation of light and beat for common 
uses by tbe decomposition of water (the rumor of which, if I mistake 
not, emanated from this very city,) while an audacious imposture, may 
not have been an unintendedTprophecyl Who knows but tbat the still 
deficient directing and impelling force may yet be so applied as to give 
certainty and calculable utility to aerial navigationT Then, too, in 
many of our established processes, machines, and modes of locomotion 
there are still limitations, liabilities to accident, possibilities of added 
speed or efficacy, in fine, a thoasand directions in which inventive talent 
may be fruitfully busy. Sor is there any invention, however insignifi- 
cant it may seem, which mnltipUed, as it may be, by thonsands or mil- 
lions, and extending into an indefinite future, may not carry with it an 
nntold saving of cost and labor, and in many cases, even of life. The 
invention whiuh in the least degree f^litates industry, and increases 
and cheapens ite products, is a benefaction to society which will im- 
measurably outweigh and outlast the most munificent gifts that wealth 
can bestow. It is by snch charities tbat many of yon, I trust, will do 
honor to your calling as liberally-educated artisans. 

Permit me now briefly to advert to tbe need which our country has 
of institations like yours. Nothing is more evident than the over- 
crowding, at the present time, of every department of commerce. Up 
to a certain point commerce is, like tbe mechanic arts, a creative pro- 
fession. A commodity is not a finished product till it is brought within 
easy reach of its consumer, and the merchants — wholesale and retail — 
who are needed for the successive stages between the producer and tbe 
consumer are to that extent co-ngenta in tbe production, as are also the 
bankers and brokers who supply tbe necessary funds and facilitate fbe 
essential pecuniary arrangements. Bnt when members of the mercan- 
tile profession are so needlessly multiplied that tbey create supernu- 
merary stages in tbe passage of goods from the producer to the con- 
sumer, interpose to arrest instead of facilitating their transfer, levy 
black-mail on every commodity in the market, and get for themselves 
the lion's share in its ultimate price, they then inflict a grievons wrong 
on both parties — they make their superfluous profit on the spoils of 
13 b 
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botb; on the one liand scaating the vages of prodnctire industry, on 
the other hand crampiag the consamers' parchasiog power. 

That tliU is the conditiou of things in our country at the present time, 
there can be no doubt. The reason, too, is obvious. Onr schools edu- 
cate our young men to a point at which they feel that they sacrifice 
their self-respect and sink beneath their proper level by becoming 'mere 
laborers, or mere routine-mechanics, especially when they are thns 
placed by the side of, or brought into competition with, the hordes of 
nnedncated and rude immigrants that crowd our labor-market. Those 
who were themselves content ^rith hand-labor are ambitions of a 
higher destiny for their sons. Hence the rush into commerce. Hence 
the scores of applicants for every vacant clerlcahip. Hence the spec- 
tacle — equally ludicrous and sad — of hands that could wield the sledge- 
hammer, measuring tape, drawing soda-water, and weighing sugar- 
plums. Everything that can by the broadest construction call Itself 
trade or commerce deems itself respectable ; and therefore our towns 
and cities are supporting twice the number of shopkeepers that they 
need, and sustaining able-bodied men, too, in paltry commercial in- 
dustries, which yet would give a competence to our thousands of starv- 
ing women and girls. 

To restore the deranged balance of society, its old honor must be 
rendered back to labor. Indastrial pnrsaits must be raised in respecta- 
bility and dignity above the lower walks of commerce, and fully to a 
level with its higher departments and fnnctiono. Both agriculture and 
handicraft mnst be made liberal profeasions. This can be effected only 
by stocking them with men of liberal culture ; for it is not the profes- 
sion that gives character and standing to the man, bat the man to the 
profession. Onr agricultural colleges and our industrial institutes are 
supplying the needed culture, and are going to replenish the held and the 
workshop with a new order of large and high-minded operatives, men 
of liberal tastes, pursuits, and aims, who will do honor to their respect- 
ive callings, and make them seem worthy the noblest ambition of the 
aspiring youth of the coming generation. The saccessfnl impulse has 
been already given. It is already no uncommon thing for the graduates 
of our best colleges to pass at once into the machine-shop or the factory, 
and to go through the entire novitiate as a raw apprentice might It 
has, indeed, been demonstrated, and it will soon be made apparent to 
the whole world, that there is no department of productive industry iu 
which genius, talent, science, and learning may not find fit investment, 
ample room to grow, and adequate social position and honor. 

There are other points to which I would gladly ask your attention 
had I not taxed it so long. But I cannot close without reminding the 
students and graduates of this institute that education has, or ought to 
have, a higher use thap what we call its use. We are too apt to think 
of the course of early study and discipliue, chiefly as a specific prepara- 
tion for one's business or calling iu after-life, as the means of becoming 
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a good lawyer or pbysician, merchant, mocIiaDic, or farmer. This, bow- 
ever important, ia bnt a secondary pnrpose. Ton might better be, my 
yonng friend, a beaver or a spnrrovr, if skill as an artisan or a fabricator 
seems to you the groat aim and end of life. Over and above yoar pro- 
fession, exceeding it, mastering it, ahould be your selfhood, your man- 
hood, your being as a thinker, a tnower, a member of human society, a 
child of God, an immortal soul. Your course of instruction here has its 
highest value in giving you real knowledge, materials for thought, 
BtimulnDts to mental activity, aod, withal, food for your moral, spiritual 
nature. In the laws of the material universe, and especially in the 
necessary and eternal laws that underlie all mathematical science, you 
enter into close contact — I would that you might ever know and feel 
it — with the Infinite mind; you become conversant with forces which 
are bnt the multiform, yet undivided, Omnipotence. In the study of 
physical science you are within temple gates and on holy ground. Let 
then these puisnits into which you are here initiated for a life-long self- 
training, vindicate their claim to be regarded as liberal studies by the 
breadth and depth of thought, sentiment, and character which they 
inspire and cherish, by the high type of manhood which they foster, by 
the noble lives to which they give the impulse. 

Bemember, above all, that your ultimate success depends on charac- 
ter. Genius and skill, nnsnstained by character, will but glitter and 
vanish. Industry, probity, chastity, sober habits, a quick and healthy 
conscience, are worth fully as much in the mere material interests of a 
life of average duration as they are in the judgment of God and in the 
esteem of good men. Young persons are very apt to discriminate be- 
tween preparation for this world and preparation for the world to come. 
To one who has lived as long as I have, the two seem identical. Conld I 
start at your age with the fruits of my three score years of observation 
and experience, I sbonld take precisely the same route to the surest and 
highest earthly success, emolument, and honor, which I wonld take as 
the nearest way to heaven. 
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[ 7Van«Iiilal /or the SmilkitoniaH Inetiialion.'] 

Althoagli bodies having the properties of acids, aa, for instance, tar- 
taric, citric, and malic acids, had long been koown to exist in certaia 
vegetable and animal substances, it was reserved for onr centnry to dis- 
cover bodies of alkaline or basic properties in the organic world. A 
chemist, Sertiirner by name, first succeeded in isolatiog morphine from 
opinm, the loDg-knowii jnice of the poppy, obtained by making incisioua 
into the capsnies, and afterwards drying the product in the air. 

Little attention was at first paid to this discovery, becauGe all the 
energies of chemists had been turned to the stady of inorganic chem- 
istry ; it was out of the regular line of research at the time, and, 
therefore, remained isolated and nnappreciated. When, however, sev- 
eral years later, Oay Lussac showed the importance of Sertiimer's dis- 
covery, and proved himself, in a dissertation published in 1S16, that 
morphine acted like an alkali in reganl to vegetable colors and acids, 
bis work became the incentive to a search for similar bodies in spcli 
plants as were known for their sanative or poisonous effects. Id many 
cases their active principle was found to consist in an alkaline substance, 
combined with an organic acid, and hence called an alkaloid. 

Pelletier and Gaventon found alkaloids in Peruvian bark and in the 
strychneaceee, and in 1826 Unverdorben succeeded in artificially preparing 
several alkaloids or organic bases by the dry distillation of born, bones, 
and other animal substances. These discoveries gained for orgiinio bases 
a place among the most important and interesting bodies in chemistry, 
and many chemists devot«d themselves exclusively to their study. 
Theoretical considerations concerning the nature of organic bases 
caused their more extended investigation. These theoretical considera- 
tion were founded upon the interesting fact of the similarity of all 
these bases to ammonia. In the natural alkaloids the similarity consists 
chiefly in the chemical equivalents, but in the artificial bases lately dis- 
covered it is also eshibited in their physical properties. 

These facts have led to the supposition that there exists an intimate 
relation between the organic bases and ammonia. Berzelias, indeed, 
suggested the probability of the preexistence of ammonia in all these 
bases ; while Liebig, in the first volume of his Dictionary of Chemistry, 
(HandwSrterbuch der Obemie,} developed a theory concerning tbeiroon- 
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etitntion, which forms the basis of our present views as to this iuterest- 
iDf; branch of chemistry. He assumed that ammonia was the type of 
all organic bases, and that It waa itself such a base, of the simplest 
composition. Amm<mia consists of only two elements, contaiaiog one 
atom of nitrogen and three of hydrogen in one molecule.* Liebig as- 
snmed that, in the organic bases, a part of the hydrogen was replaced 
by other radicals, composed of scTeral elements; these bases might 
therefore he considered as made up of a compound radical and a combi- 
nation of one atom of nitrogeu with only two of hydrogen, the other 
atom of hydrogen being replaced by the new radical. The compoand 
thns formed is called amid.t Such a base is calletl an amid base.} 

Liebig developed this idea in the clear and ingenious manner peculiar 
to himself, and expressed his views concemiug the probable nature of 
compounds which could be formed from amid and the alcohol radicals. 
Ten years later his ideas wore verified by experiment. Gthylamiue, and 
a whole series of similar bases, were produced by Wnrtz iu Paris in 
1849. 

These discoveries of the celebrated French scientist justly excited un- 
nsnal attention, which was still increased when A. W. Hofmann and 
Wnrtz demonstrated that not only one atom of hydrogen in ammonia 
conld be replaced by an alcohol radical to form amid bases, but that 
compound radicals could be sobstitnted for two, and even for all three, 
atoms of bydrogen. These bases might be designated as primary, sec- 
ondary, and tertiary amid bases, according as one, two, or three atoms 
of hydrogen of the ammonia have been replaced by compoand radicals. 
(In English treatises on chemistry they are usually designated as amid, 
imid, and nitril bases. — The Translator.) Their chemical formnlaiarerep- 
resented by the following table, in which A, B, C, stand for the compound 
radicals. 

Ammonift ba»e. Amid base. Imid biiM, Kltril base. 



As Hofmann has shown later that there is a series of compound rad* 
icals whidi may replace two atoms of hydrogen in the doubled formnia 
of ammonia, prodnciug a second extensive aeries of bases, whose com- 
position Is expressed in the following table, where A' B' and C repre- 
sent the compound radicals. 

H, » A" 1 AM Ai 1 

H, Sd, H, >n, B'Sd, B> W 

W,S H.i H,S C'i 

If we suppose only 52 such compound radicals capable of replacing 

one atom, and 32 of replacing two atoms of hydrogen, we obtain 

36,000 millions of possible compound organic bases. 

* The Hf mbol N, {Ditro<>en,} iu cliemical formula, meaDS ooe atom of nitrogeii, aod 
H one atom of bydrogen. Tbe formala for ammonia ia therefore : H-t-H-|-Ii+N= HsN. 

I The chemical formula of amid is therefore : Ht S. 

t Tbe fononta for na amidogen base is: A-f-HiN, in n'hich A ataodsfor a ci 
radical. 
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This euormotts number shows bow impossible it is, in spite of the 
most persevering labors, to become acQoainted with more than a very 
small proportioD of these compounds. This veiy namber urges us to 
Ptndy only the promineDt representatives of whole series, and to give to 
them our whole time and energies. 

From what has been said in regard to the composition of organic bases, 
it was thought evident that nitrogen would appear to be the component on 
which their properties depend, for they all contain nitrogen. But wo know 
now whole series of analogous bases containing, instead of nitrogen, 
some other element of similar properties. These also have the charac- 
teristics of ammonia. As early as 1846, Paul Thenard had made phos- 
pboms bases, which were more thoroughly iuvestigated in 1855 by 
Hofmann and Cahours. Analogous arsenic bases have been known 
much longer. In 1760 Cadet prepared one, the composition of which he 
could not, of course, explain. The investigations of Buosen, irom 1837 to 
1843, shed more light on this remarkable class of organic bodies, and 
the constitution of the arsenic bases was flually completely made clear 
by the researches of Cabours, Kolbe, Kiche, and especially Baeyer, in 
Berlin. In 1850 Lowig discovered antimony and bismuth bases, so 
that we now have four other elements capable of fonuing whole series 
of basic combinations like those of nitrogen. Compare these with the 
above-mentioned namber of possible nitrogen bases, and we will be con- 
vinced that the chemist as well as the astronomer is able t{» astonish as 
with magnificent numbers, and to call up before the miud^s eye endless 
series of possible combinations, all producing bodies having special 
qualities. 

However mucli these researches have extended our knowledge, they 
ha've but slightly improved our acquaintance with the bases and alka- 
loids spontaneously formed in nature. The constitution and the rela- 
tions of these natural alkaloids to tbe other bases aud to other chem- 
ical compounds are much less understood than the foregoing statement 
would lead us to suppose. The causes of this are that the natural al- 
kaloids are mostly very complex bodies, aud that they suffer such com- 
plete changes in most reactions, that it is difficult to study them, or 
to form any conclusion as to the constitution they bad before they were 
decomposed. It must bo left to the fntnre to shed more light on the 
nature of these bodies. Let us hope that it will be possible to make 
those alkaloids synthetically which have hitherto been found only in 
nature. Wo must not forget in this connection that most of the natural 
bases contain oxygen, which is not found in the ammonia bases. Although 
the discovery of the so-called ammonium bases, and Wurtz's beautiful 
discovery of tbe behavior of oxide of ethylene to ammonia, have indi- 
cated the way of preparing such oxygen bases artificially, there is nev- 
ertheless a difficulty, which seems almost insurmountable. It is the 
fact that most of the natural bases have optical properties, while we 
cannot succeed with the aid of the above processes in preparing com- 
pounds possessing similar properties from substances not originally 
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possessing them. Tbe discovery of metbods lor tlic artiScial or syn- 
thetic preparation of tbe alkaloids would not only be of higli scientifle 
interest, bat it would also greatly advance onr material interests, for 
there is scarcely another gronp of bodies of such manifold uses as the 
organic bases. 

Many of these alkaloids play an important part in the arts, others are 
known as the active principles of stimulating articles of food, while the 
great nnmber of them are valnable as medicines. Many of them are ex- 
tremely violent poisons, .and have acquired an unenriable reputation 
from cases in which they have been employed. 

Poisoning by means of vegetable bases is rendered doubly dangeroas, 
because it is often difficult to prove with certainty the presence of the 
poison in tbe corpse or the secretions by chemioil analysis, while the 
presence of mineral poisons can generally be detected with ready cer- 
tainty. The reason of this is not difiBcalt to understand. Wo are bat 
imperfectly acquainted with tbe properties of the natural alkaloids. 
They resemble each other very much. In cases of poisoning, they are 
mixed up in the stomach or other parts of the body with many other or- 
ganic substances, all contAining carbon and having certain properties in 
common with them. These organic substances are of coarse more akin 
to the vegetable bases than to inorganic snbstances, such as the com- 
pounds of arsenic, which are not found in any part of the human body. 
Metals are present only in inaignifioant qaantities, and those which are 
present are not at all similar to arsenic. JSow the orguiic bodies pres- 
ent all contain nitrogen and may have basic properties, both character- 
istics of alkaloids. It is obvions that the detectioa and separation of 
very similar bodies are much more difficult than the separation of dis- 
similar ones, where tbe detection of a single property often suffices to 
prove their presence with certainty. 

If we consider furthermore that tbe alkaloids are very easily decom- 
posed, and that in legal chemical investigations tbe bodies in which they 
are to be songhtforaregenerallyinastateof putrefaction,*. e., of contin- 
nal active change, we will understand how impossible it is frequently 
for chemists to separate the poisons in a state of purity from parts of 
the body and to prove their presence with certainty. It is indeed some- 
times possible to inject the snbstances which in cases of poisoning 
most contain the vegetable base, into the blood of living animals or to 
mix it with their food, and then to judge, from the physiological effects 
on the animals, which poison was present. The changes produced by 
certain alkaloids on the beatingofthe heart, on the general action of tbe 
muscles, and on the nervous system, are frequently so characteristic that 
we can judge of the presence of one or other alkaloid with as much cer- 
tainty from these effects as from pure chemical reactions. Such proofs, 
however, have not the full force of evidence in court, for in such cases 
the separation of the pure poison must always be the chief aim of the 
chemist. 

Dangerous as our organic bases may become in the bands of the 
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murderer, they fire bigbl; salatary in tbe prescriptions of tbepliysiciiui, 
irho employs tbem vith great Bnccess in the treatment of severe and 
otherwise unyielding diseases. Fernvian bark owes its efficacy to the 
alkaloid quinine which it contains together with eindtonttie and chinidine 
iu varying proportions. Formerly, before tbese faots were knowu, there 
was oo standand by which the ralae of difFereat specimens of Pem- 
Tian hark coold be correctly judged. Sometimes a certain kind of bark, 
whose dose had been fixed by experience, acqaired a mnch greater value 
than others whose efficacy fw surpassed it. Xow the valne d^iends on 
the amount of bases coutained in the bark and not on the color, shape, 
or other external signs. Not the smallest piece of the bark is now al- 
lowed to be lost on gathering it, beoanse processes ate known by which 
even the smallest quautity of qninine contained iu it can be obtained. 

The same is tme of different kinds of opium. Their medicinal value 
depends oo the amount of alkaloids they contain. These are morphine, 
codeine, uid narcotine, three beautiful crystalltzable bodies, the latter of 
which is distinguished by the peculiar property of fumishiog another 
base, frim«thy2amin«, when mix«d with soda-limeand subjected to dry dis- 
tUhttion. Chemists have proved the presence of trimethylamine in the 
pickle of herrings. It is the cause of their peculiar odor. Urine oon- 
tatns it also in small quantities, hence its smell of herrings when mndli 
of it is evaporated down. The belladonna and the datura strammomium 
contain the alkaloid atropine, whose taribly poisonous properties are 
generally known, but which plays a very important part in treatiog 
diseases of the eye. Applied to the eye in a dilate state, or rubbed into 
the skin near the eye, it powerfully dilates the pupil and greatly facili- 
tates certain operations on that organ. From all parts of the hemlook, 
a colorless, transparent oil of penetrating odor can. be obtained, which 
ie known under the name of coniine, and is one of the most poisouons 
alkaloids. Either this or eieutine contained in the water-hemlock was 
the cause of the tragic^ death of Soorates. In the St. Ignfrtiua bean 
and the nux vomica, gtryehnine is found along with brudne; it forms a 
beautiful, crystalli&able alkaloid, distinguished by its extremely bitter 
taste and by its producing tetanic spasms when injected into the blood. 

To this class of organic bases bdong also those poisons which savages 
use for steeping the points of their arrows. There are undoubtedly 
several such poisons. It seems that the one used by the savages of In- 
dia and Africa is essentially different from that osed by the natives in 
the northern part of South America. The former, called antia, imme- 
diately stops the beating of the heart, while the latter, called curare, 
first palsies the general muscular action and then stops the heart. Curare 
is the better known of, the two; it was first brought to Europe by Sir 
Walter Baleigh in 1595. According to Humboldt, thepreparatiou of this 
poison resembles our vintage feast. The savages collect poisonous vines 
in the forest, while the womeu prepare an intoxicating fermented liquor, 
of which they all partake. When all are intosicated and lie in deep 
sleep, the master of the art prepares the poison by extracting the juice 



OBGANIC BASES. 201 

of the vines and evaporating it tlown. Different travelers agree tbat 
they also add poieonous ants and fangs of uiakes. It voald seen 
therefore that curarin, the active priDciple of the arrow-poison or 
cnrare, was a constitueotof the juice of viDes; bat there is do certaint; 
on this snbject, since travelers do not agree in their accounts of the 
preparatioB of this interesting snbstanee. Gnrare can be taken into the 
alitnentaiy canal without the slightest danger, and even the meat of 
animals poisoned by it is innoonons, while it is r«rtainly and often sad- 
denly fatal when injected into the blood even in small quantity. When 
introdaced into a wonnd, this poison occasions do pain whatever. The 
symptoms preceding death are very remarkable, as can be seen when a 
▼»7 small quantity is introduced into the blood of alargeanimal. There 
is an immediate relaxation of the muscles, all voluntary motion ceases, 
the animal sinksdown powerless, bat with its consciousness unimpaired, 
and finally the respiration ceaaes and death ensues, without the presence 
of any symptoms which would indicate excitement or a death-struggle. 
It is a progressive palsy, ending in the brain. 

A whole series of organic bases is esteemed on account of the pleasant 
stimulating effect they esert on the body when in small quantities and 
diluted with otber substances. They belong to the category of luxuries. 
Among them, ntooMne, the active principle of tobacco, tf^es the fore- 
most rank. 

Pure nicotine is a liquid, which becomes brown in the light, has a to- 
baoeo-like smell and possesses very poisonous properties. The amount of 
nicotine contained in different kinds of tobacco varies. Although it is 
not exactly in the inverse, it is by no means in direct proportion to the 
excellence of the tobacco. Fine brands, such as Havana and Mary- 
land tobaccos, contaio but very little ; the former not quite two and the 
Iatt«r from two to four per cent. Kentucky and Virginia brands con- 
tain as much as from six to seven per cent., and some of the domestic 
brands of Germany contain considerable quantities. 

Besides nicotine, there are some other bitter principles contained Id 
tobaoeo, which are the chief cause of nausea in young smokers. These 
are kept back by smoking pipes with long stems, which only allow the 
gaseous bodies to reach the month. Besides carbonic acid and carbonic 
oxide, tobacco smoke often contains as much as 3 per cent, of carbonate 
of ammonia, (which causes the increased secretion of saliva,) and also 
butyric acid, empyreumatic oils and resins, traces of sulphuretted hy- 
drogen and even pmssic acid, but no creosote. 

Pepper owes its pungent taste to piperine, a crystallizable alkaloid. 
Tea and coffee both contain the same%)rgaoic base, theine or caffeine, 
which are easily obtained from tbem in silky needles. A solution of 
this alkaloid neither has the taste nor the pleasant stimulating effect of 
an infusion of tea or coffee. In these beverages, as in tobacco, the value 
of the article used depends on other substances, which accompany the 
alkaloid. 
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Chocolate owes its valne to theobromine, &n alkaloid contaiaed is 
cacao. It has been lately found that iodide of methyl digested with 
theobromine for some time in a sealed tube, at the temperature of boil- 
ing water, will convert it into theioe. 

The excellent effect of pure meat broth on the system is dae to krea- 
tine and kreatiuine, two bases contaiDed iu meat. Broth, therefore, 
belongs to the same class as tea, coffee, and chocolate, and it certainly 
deserves the preference when the system of the sick person requires a 
stimulating and strengthening beverage. 

Some organic bases have obtained a prominent place in the chemical 
arts. It is only necessary to mention kyanole^ or aniline, which is ob- 
tained in large qnantitien from coal-tar, and is used in the manufacture 
of the finest colors. Ajiiline red is the chloride or acetate of rosaniline, 
a colorless base obtained from aniline. Aniline violet must also be con- 
sidered as an aniline base. 

Two artificial bases, the amid bases of ethyl and methyl, which but 
lately had merely been preserved in chemical collections as interesting 
and rare substances, are now used instead of ammonia, in Carry's ice 
apparatus, in the artificial production of ice. 

The description of the individual members of this extensive series of 
organic bases or alkaloids could be considerably extended if our time 
permitted, and if I did notfenr to fatigne.my hearers. 

As I mentioned In my introduction, organic bases were a terra incog- 
nita to chemists half a century ago. As you probably have gleaned 
from my remarks, chemists have since diligently labored to explore this 
region ; but whenever they had succeeded in scaling a height, fix>m 
which they hoped to obtain a general view of what they had investigat- 
ed, new and ever greater fields opened to their astonished eyes — ^fields 
whose exploration will require the most diligent efforts of chemists for 
many years. 

Just asiuthe discovery of a new country the valne of which the people 
realize only when the plowshare has turned tfaenew soil andwhen its treas- 
ures have begun to circulate iu the great commercial veins and arteries 
of the world, it happens with onr organic bases, which are generally 
appreciated only as far as they are useful to commerce, the arts, or 
medicine. 

Let ns not forget, however, gentlemen, that as the treasures of the 
mountains of California and the products of India would never have en- 
riched onr country if it had not been for indefatigable travelers, who 
wandered through unknown countries, impelled by a pure love of knowl- 
edge. So we also owe our acquaintance with the organic bases to purely 
unselfish and scientific investigations, whicli have taught us that 
nothing is useless in science — a truth written in conspicuous letters on 
every page of the book of nature, and which can only fail to be read 
by the grossest ignorance. 
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THE SITROGEN BODIES OF MODEM CHEfflSTRY. 



[Translated from Ana der Natur for the Smithaonian Institution.] 

I have the honor to direct your attention this morning to a group 
of compound iMMliea which are of the highest importaoce, whether we 
consider them from a theoretrical or a practical point of view. They are 
all the artificial products of the laboratory, and while the study of them 
has led to the most interesting views of the constitntion of matter, some 
of them have found a widely-extended industrial application, and others 
give promise of a brilliant future. They are what is called the nitrogeit 
compounds of modem chemistry : 

Volume substitution is sow accepted as the ruling principle of chemi- 
cal combinatious. All substances may be considered as combining in 
certain definite volumes, and the unit adopted by science in this respect 
is hydrogen. This atom, which in respect to weight and volume is the 
chemical standard, we denote as unity, and all other atoms which enter 
into the composition of bodies, and which require the same space as the 
atom of hydrogen, can bo substituted in the place of this unit- 
Chemists have succeeded iu substituting for the bydrogeo in organic 
substances radicals of hyi>ouitric acid; that radical which is denoted by 
the formula NOg. 

This radical called nitryl, whose introduction into organic chemistry 
led to the conception of the nitrogen compounds, is formed when wo 
unite one equivalent, of nitrogen having a combining power of 3 with 
the weight 14, and two atoms of oxygen whieli is bivalent, that is, 
having a combining power of 3 with the weight IC. This body is 
therefore represented by the formula "'M"Oj, in" which the dashes 
^"' ") represent the combining volumes. Since the nitrogen is trivalent 
and the oxygen bivalent, and since there are two atoms of oxygen the 
eombiniogpower of which is four, there evidently remains one unappro- 
priated equivalent volume; and this free equivalent volume determines 
the equivalence of the radical. On this grouudwcdesignate this radical 
as univalent, or having a combining power of one ; and as such it can 
be in all cases substituted for the hydrogen monad. 

Now, if this substitution of nitryl for hydrogen iu organic bodies be 
extended as far as the actual relations admit, we arrive at the formation 
of the nitrogen compounds. For a complete exposition of our subject 
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we have still to ineDtion the quadrivalent atom of carboD. The carbon 
atom requires four times the space of the hydrogen atom, and fills that 
space with the weight 12. It bears the symbol ""C. 

The elements, then, with which we have to deal and effect our ex- 
changes arc represented as follows: 

Fig. 1. 
1. Hydrogen, /"s "H. 



2. Oxygen, OO "^' 

3. Nitrogen, COO "'^• 

4. Carbon, OOOO ""O. 

The equivalence of the elements, i. e., the proportion of their volumes 
compared with hydrogen as a standard, is not an invariable quantity. 
Expansion and contraction may take place in the atoms ; within certain 
limits these can increase or decrease in volume. Dut it is important to 
observe that this expansion and contraction will aJways be bi-polar; 
that is, if a univalent atom expand it will do this in both directions and 
become, not bivalent, but necessarily trivalent. The trivalent nitrogen 
atom may become quinquivalent, but not quadrivalent. Hence, we have 
the simple rule that the character of the equivalence cannot change ; if 
it is expressed by an even number it must still, though the atom con- 
tractorcxpand, be expressed byan even number; and reversely, if the 
equivalence is expressed by an odd number it must in all cases be so 
expressed. This will readily be understood if we suppose a anit volnme 
to be added to each side of the symbol oxygen, carbon, aud nitrogen, as 
given in Fig. 1. In this case the oxygen will become four, the nitrogen 
five, &c. The trivalent nitrogen atom in some circumstances may 
become quinquivalent. This expansion of atoms takes place when they 
aie subjected to peculiar chemical actions. 

I now call your attention to a salt which is produced from acetic acid 
and ammonia, and which is introduced into the pharmacopceia as the so- 
called spirit of Itlindererus, the acetate of ammonia, or acetate of oxide 
of ammonium. 

lu the delineation of the formnlse of chemical compounds, without 
which a clear understanding of the processes is impossible, this acetate 
of ammonia is represeut«d in Fig. 4: 
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It is necessary to state that in all acetic acicl salts a radical called 
acetyl is commoD. This radical is represented as followii, in Fig. 2: 

Fig. 2. 
""Cs 'H3 "O — >. 



In order to form the salt from this radical \ve need a link of oxygen, 
vbicb shall anite the radical of the base aramonium ('""N 'H„) vhose 
equivalence is one, there being four atoms of hydrogen and one of pente- 
valent of expanded nitrogen. This uniting oxygen is represented in 
Fig. 3. 

Fig. 3. 

CO 

ng. 4. 

""Ci 'Hj "0,+"Oi+""'N 'Hi=""C, 'H, "O, '""K,. 



cooococo 

OOOCOOOQ 

00 
og 
OQ 
00 

The oxygen, wbich is hero (Fig. 4] somewhat more distinctly marked, 
holds together the radical of the acid and the radical of the base, and 
thns forms acetate of the oxide of ammonium. 

Now, when, by chemical agency, we force the water from this salt, 
as by a high degree of heat, by the action of chloride of pbospborus, or 
an anhydrous acid, (chemists have many expedients for separating water 
Irom organic compounds, forming it anew, and eliminating it again,] 
when, therefore, we take from this compound two molecules of water, 
2 {'H) "O,) the nitrogen contracts from five to threefold equivalence, 
and we have the following formation : 

Fig. 6. 

coco 
0000 

which represents the compound ocetonitryl. 

We obtain the same result if we saturate acetic arid with carbonate 
ofammoniaj evaporate the liqaid and distill the salt with chloride of 



206 NITROGEN BODIES OP MODERN CHEMISTRY. 

phoBplioms. The prodnct thaa obtAined, the itcetoiiitryl, funiisbes a 
starting-point for further transformations. Suppose, now, that for one 
hydrogen atom we substitate the radical of unit equivalence, ("'iT "0.j> 

Fig 7. 

oooccco 



Here we have a perfectly-linked atomic-chain, where everything fits, a 
nitrogen body, 

N'" C/'" H'i S'" O2" 
the uitro-acetonitryl. 

If we Bubstitnte for the two remaining atoms of hydrogen one biva- 
lent atom of inercnry, {represented by the shaded circles in Fig. 8,) we 
ahall obtain common fulminate of mercury. 



Fig. a 

-" -^ -a /"N^'-s.^-s.^ 




This latter substance cannot, in fact, be obtained from acetate of am- 
monia ; our means are not yet adequate for that. We Lave another and 
qnite difTerent way, whicti is not less interesting; it is the action of ni- 
trate of mercnry on alcohol. When strong spirits of wine and strong 
nitric acid are mixed and metallic mercury is added to the mixture, in 
a short time nitrous acid vapor is developed, the mass begins as it were 
to seethe, and on cooling yields a deposit in the form of fine needle- 
crystals, and this is the fulminate of mercur>-. 

Alcohol has the radical sO often occurring in chemistry, Gj Hj, and 
has the formula d H« 0, or 

Fig. 9. 

ocooooco 
oooocooo 

If nitryl mercpry (represented in Fig. 10) acts upon tljie — 
Fig. 10. 

ccoeeoco 
cocoooco 
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We sball have tbe compoand represented in Fig. 11 — 

Fig- "■ Fig. 12. 

S^g^S CO CO 

'^''^ooeo oo GO 




CO 

oo 

Fig. 12 represeuts the molecules of water extracted. 
(In this agaio) we have fulminate of mercury aud water. Finally, if in 
the above nitroacetonitrj'l (N'" Cj"" Ha' S'" O-/') wo substitute nitryl for 
the two hydrogen atoms, we obtain tri-nitroaeetonitryl — 

Fig. 13. 



COCO 

COO 




a substance whicli forms crystals trausparent as water, resembling 
Dapbthalioe, and which ou exposure to air emits a disagreeable odor, a 
body which liquifies at 45° mid at ISO© explodes with violence, rend- 
ing its way tbrongh all obstacles. Now, whence arises this explosive 
force of the nitrogen bodies T 

It comes in this wise : from the sabatltution of oxygen for hydroj^'u 
there occurs so intimate a blending of combustibles and snpportcr^ of 
combnstion tbat on contact with a spark, on the signal given for decom- 
I>osition, the whole mass with tempest swiftness, so to speak, barns up 
at once. 

At the instant of combustion this solid substance is resolved into 
elastic fluids tending to expand, and, moreover, by reason of the 
augmented temperature attendant on the process of decomposition 
already expanded to a remarkable degree, and therefore Ulling a space 
many hundred times greater than before. If, by raising its temperature 
to 120° I shoidd cause the decomposition of this body iu the glass tube, 
in which, to prevent accidents, it is usually liquefied, there would result 
in place of this small quantity a volume hundreds of times larger than 
the tube ; its cohesion being overcome, the glass would be shattered, aud, 
■with a report like that of fire-arms, the gas would escape into the air. 

7he effect of the common explosive gas depends on the intimate 
blending of the inflammatory oxygen with the combustible hydrogen. 
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Liquids do sot blend thus noless tbcy are soluble in eacb other; unless 
tbey have a peculiar mutual affinity. 

Oil aud water placed ia the aame flask, and tborongbly shaken, will 
present a nnifonn appearance, but if left standing a short time tbey 
separate again, the oil gradoally rising to the surface, and the hearier 
water sinking below. « 

The case is different with aeriform boilies. Two gases possessing no 
mutual affinity, if introduced into the same space, will each be diffused 
throughout the whole space precisely as if tbe other were not present, 
and the result will be their perfect uniform blending. 

Snppose we admit into the flask two volumes of hydrogen and one 
of oxygen, the atoms will group tbemselres as follows : 

Fig. 14. 

oo 

CO, 

CO' 

oo 

This, a million times repeated, affords an idea of detonating gas. The 
hydrogen iseombustible, theoxygcu is inflammatory, (the kindler,) there 
is needed only an electric spark, a glimmering splinter of wood, tbe 
presence of catalytic platinum sponge, or any other inconsiderable 
source of heat, and the hydrogen bums in the oxygen ; an immense 
volume of watery vapor is suddenly produced, extremely elastic, at a 
temperature of lOOO'^ It., and this forces its way throngb every obstacle. 

Many Ditrogen compounds act in accordance with this principle. By 
the introduction of nitryl, that radical abounding in oxygen, in the 
place of hydrogen, a more intimate combination of combustible and in- 
flammatory substances is effected, even in solid bodies, than is possible 
in the most successful fabrication of gunpowder. 

What is the operation of tbe manufacturer of gunpowder 1 He has 
two combustible substances, carbon and sulphur, and one inflammatory- 
substance, saltpeter. Each of these three materials be reduces sepa- 
rately to the finest powder. He then mingles them, moistened, to avoid 
explosion through friction, and then with tbe utmost earn rubs them to- 
gether for hours, yes, days, till tbe blending is as iutimatd as it can pos- 
sibly be made. Ho must still force tbe compound throngh sieves 
to graiuit; be must smooth and glaze these grains, &c., but with tbe in- 
corporatiou of these three ingredients his chemical labor is flnisbed. 
Thus it consisted in producing tbe most nuiform possible commixture 
of combustible itud inflammatory substances, so that the carbon and sal- 
phar, which are combustible, are throughout in contact with the salt- 
peter, which is the source of the osygeu. A spark coming in contact 
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with a single grain the combustion is transferred from grain to grain, 
and tiie whole qaantityof carbon andsnlpbnriscousamed in the oxygen. 

Xevertbelesa, gunpowder, though componnded with all possible care, 
though triturated and incorporated with the most scmpnlons attention, 
can never acqatre that perfect blending which may be attained by the 
introduction of combinations of atoms into the structure of organic for- 
multe. ^ 

As intimate and nuifbrm an incorporation of the atoms as occurs in 
the nitrogen bodies can never be eflected by the mechauism of powder- 
mills; and this alone indicates the importance of the nitrogen com- 
pounds. 

Not among the earliest of those bodies, it is true, but a very recent 
descendant from them, and first brought into notice by the celebrated 
chemist Schonbein, is gnn-cotton. Oun-cotton is ordinary cotton ni- 
trogeuized. Cotton is chemically called cellulose, vegetable cellulin, 
vegetable fibrin. Vegetable fibrin has the formula — 



Fig. 15. 



C.H.0.J0. 
00 




000 

In the middle we see the union of the carbon atoms to be firm ; at 
the ends comparatively weak. Sow if, step by step, we replace the 
hydrogen with nitrogen compounds, with nitryl, we have trinitrocel- 
lulose, wherein these atoms of hydrogen are replaced by nitryl, and 
we have l>efore ns gun-cotton, whose formation was effected by this 
enbstitntion of nitryl radicals N' Oj for hydrogen. 

The manufacture of gun-cotton is extremely simple. We require 
only the so-called nitro-sulpharic acid, which isin common use. Thereare 
two limits in compounding this acid. We may mix equal parts of good 
Nordhausen acid, or Saxon or Bohemian oil of vitriol, and of good 
fnming nitric acid, or three parts of Nordhausen acid and two parts of 
nitric acid ; or two parts of Nordhansen acid and three of red fuming 
nitric acid. A mixture with either of these proportions produces a 
serviceable nitro-snlpfauric acid, which has received the trivial name of 
-i'ulminic acid from its use in the mannfacture of fulminating compounds. 

In mixing the brown oil of vitriol with red nitric acid there occurs a 
moment when the mixture of the two acids is nearly colorless. This is 
the state in which the compound is most available. It must be effect- 
ually cooled, if possible in a freezing mixture composed of three parts 
snow and one part epsom salts or common cooking-salt; or, at all events, 
Us , 
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in cold water, often changed ; for the add mast be ice-cold to iDsore 
BDCcees. Id this perfectly cold mixture imnaerse now, flake by flake, 
strand by strand, tbe cellaloee, the ^nre vegetable flbrin. The pnrer 
(he fibrin the drier and tbe freer from all mechanical soiling, tbe better 
of course wilt be the result The cotton is immersed in tbe liquid by 
pressing it down with a glass rod; we wait till all the air-bnbbles escape, 
til) the cotton is inlly satnrated with tbe acid ; moreover, we are careftd 
to immerse no more cotton than can be contained witboat pressnre and 
will be entirely covered by the acid. Half an honr,a8 I have repeatedly 
satisfled myself, is sufficient for tbe process ; still there is no harm in 
leaving the cotton in the acid for an faonr or several honrs; thirty or 
forty minntes, however, are amply sufficient for tbe required effect. 
This done, with the glass rod take ont the wet cotton, press it between 
thick plates of glass to remove the snperflnons acid, throw it into an 
abundance of cold water to rednce tbe temperature, and immediately 
pick it apart, for if yon let tbe compressed cottoufaU into the water and 
lie there in a mass, yon will find that, with a perceptible increase of 
temperature and the escape of reddish brown -vapor, it gradually dis- 
solves and disappears. After the cotton is tbos palled apart, and, as it 
were,drowned and quenched in cold water, it most be carefully washed, 
in a running stream if possible, for yon will accomplish as much in six 
honn with mnning water, which easily penetrates among tbe fibers, as 
in two or three days with standing water. If all has been done as 
directed, you have flrst-clasa gun-cotton. It has now only to be dried, 
ina temperature not exceeding 100c>, to expel all the water, and then it 
may be kept for years without tbe sligbest deterioration. 

WekuowwbatwonderfolcbangeBofopinionhave taken place in our own 
time in respect to gun-cotton. The Austrian minister of war has really 
played with it the poetical game of tbe daisy; "Thon lovest me well, 
through good aDdill,alittle,ornotatalL'* A hurgeamountof money was 
expended on gun-cotton. At first, it was glorified ; later, doubts were 
entertained ; and then, when suddenly the tower of Simmering flew into 
the air, gnn-cotton fell into dia^pute. And yet England has recently 
made it the subject of a thorough investigation, and opinions in regard 
to it now seem very favorable. I have here some gnn-cotton in the form 
of skeiuB and lamp-wick. Tbis specimen is fiilly eleven years old, and 
in that time has not changed in tbe least, absolutely not in tbe least. 
It is jnst as effective to-day as when first made. It is a property of gnn- 
cotton that in a moist condition, and notobly when it has been imperfectly 
washed, it is decomposed in a way whiohmay result in a parti^ dissolution 
and eventually in explosion. A spontaneous conbustion of clean, well 
washed and dried gnn-cotton is inexplicable on scientific principles and is 
not known to have oconrred. On being ignited gnn-cotton explodeswith- 
ont smoke or vapor, and with no residue of ashes. We perceive only a 
weak odor of nitrons add. It is a great advantage in the use of gnn- 
cotton in blasting, that it does not leave that stifling atmosphere, that 
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Bolphnroas smokewliich renders approaclL impossible, as for example ia 
mines. Particularly when common gnnpowder is nsed for fractoriDg rocks, 
when esperimeDtal blastjoga are made with closed sbafte, after the ex- 
plosion the air is irrespirable, the ventilating shall; most act for a long 
time before the place can be entered. This incoDvenience is avoided by 
the aae of gnn-cotton. I take this opportnnil^ to indicate how we may 
easily and infallibly recognize a nitrogen body. It is merely necessaiy 
to produce ita explosion in a partially closed space ; the space becomes 
filled with weak nitrons acid vapor. For nitrons acid we have a very 
reliable reagent, the sulphate of iron. Of course the experiment should 
be made with a very small quimtity of the cotton, as otherwise the ex- 
plosion would be too violent ; it would act in a31 directions, and prove 
its fracturing force on the vessel. I beg here to repeat that the explo- 
sion of such bodies consists in the sudden liberation of confined gases. 
There is an instantaneous production of gas occupying a hundred-fold 
the space of the cotton, a gas of high temperature and great elasticity. 
Such gases in a spherical space act in all directions ; therefore they act 
not merely lengthwise of the tube but against the sides of it also. Now, 
if the action is on a scale not large enough to overcome the cohesion of 
the sides of the vessel, the gas has time to escape upwards ; but if the 
action is so intense that its lateral components aresufflcient to overcome 
the cohesion of the ocmt^ning vessel, the fracturing force takes effect, 
the vessel is shattered. We must therefore use only a very small 
quantity in our experiment. 

Nitrons acid changes the color of sulphate of inm to brown. We are 
not to expect a conspicuous change of color, observe, because most of 
the v^wr escapes, only a small proportion remaining. Still there is 
enough to prove that we have to do with a nitrogen compound. 

The slowly burning form of gun-cotton is called collodion-cotton. 
This modification of guu-ootton, which is not so rapidly consumed, bat 
gradually bnms out, is not used to propel projectiles, bat it has othei 
and very valuable uses. This allotropic form of gan-cotton is obtained 
by mixing English sulphuric acid with nitrate of potash and beating 
the mixture to 60°. The nitrate of potash is decomposed, and the result 
is bi-snlphate of potash and concentrated monohydious nitric acid. 
When it is all dissolved we immerse in this liquid at 6<K> cotton well 
separated and dried, just as much as will lie in the liquid without pres- 
sure and be entirely covered, and we let it remain at this temperature, 
careMly watching it, from half an hour to «a hour. The beat must rise 
no higher, for if it does the mass begins to develop red vapors, the cot- 
ton is in a tumuH, and presently nothing is left bnt oxalic acid. Tbe 
red vapor is a signal to lower the temperature. When this is all done 
the cotton mast be picked apart, rinsed in cold water, and dried; and 
tbns we have cotton which does not explode well, bat which dissolves 
in alcohol and ether, while good gan-cotton will not so dissolve. Cot- 
ton prepared at freezing temperature is insoluble in tUcohoI aud ether, 
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or, at most, only BligUtly soluble in acetic ether. On the other hand, 
cottoQ prepared at a higher temperature, which explodes impeifectty, 
has just this property of diasolviag ia alcoholized ether. 

In pure alcohol, entirely free from water and ether, coUodion-cottOD 
dissolves imperfectly or not at all. If the cotton be wet with pore alco- 
hol the snperflaous alcohol may be poaied off and ether added ; the cot- 
ton will DOW dissolve in common ether. The cotton wet with alcohol 
begins to diasolve in the ether, and the liquid thaa obtained is usually 
filtered through cotton in its natural state to remove any fibers which 
may remain nndissolved, and the filtered liquid is the so-called collo- 
dion, adhesive ether, i. e., the solution of tri-nitrocelloline in alcoholized 
ether. This collodion may be satumted with gun-cotton to a somewhat 
thick liquid. Allowed to evaporate on glass, it leaves a film of collo- 
dion. This solution of collodion is applied to bnms when there in no 
blood or moisture. In scalds, if not very severe, it does good service. 
In order to avoid painful contractions of tbo skin, it is best applied with 
a solution of castor-oil in alcohol. This imparts to it a degree of pli- 
ancy which causes it to yield to the motions of the skin vithoat causing 
pain. 

There is a whole series of bodies besides gun-cotton belonging to the 
sameclass; e.*;., nitiv-mannite, obtained from maunite,lJn>m manna. If 
manna, such as is procnred from the ash-tree, is dissolved in nitro-sul- 
phuric tuM, and left standing a while until red vapors appear, and then 
poured into cold water, a white, powdery, orystallipe mass is precipitated; 
this is nitro-maonite. This substance explodes tolerably well. An 
attempt was made to substitute it for fulminate of mercury, but the at- 
tempt was abandoned. Kevertbeless, it is destined to important uses 
in the industrial arts. 

Ordinary cane-sugar treated iu the same manner, dissolved in nitro- 
8ttlphuricacid,t.e., a mixture of red fuming nitricacid and Nordhausen oil 
of vitriol, kept ice-cold, and when the red fnmes appear, poured into cold 
water solidifies, and when it softens can bedrawnintothreads of almost 
silken luster. It is certain that the solutions of it in alcohol and ether, 
even in the water, in which it is preserved, taste extremely bitter. 
This body is called nitro-saccharine. By the mere substitution of 
Ditryl for one atom of the hydrogen, the sweet taste of the sugar is 
changed to one thus intensely bitter. How completo a transformation 
tekes place is shown by this, that nitro-sacchariue is incapable of the 
vtaons fermentation, is no longer a means of nourishment, but has be- 
ocune a poison, a foreign substance, which bids defiance to assimilation 
and digestion as welt as fermentation. 

When starch is treated in the same manner, the purest starch, fh)m 
potatoes, rice, or wheat, when it is stirred into the mixture of acids, it 
cannot be said to dissolve, but a glutinous swelling takes place, and 
when on the appearance of the red vapor the mass is poured into cold 
water, a shining white substance is deposited, which iscalled zyloidine. 
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Thfise are bodies less explosive, certainly, tbao gnn-cottoo, but which 
belong to the same class, carbo-hydrogeos, in which the hydrogen is re- 
placed by nitryl. 

There are still other and very different nitrogeu compoands, and, in- 
deed, the first known, the oldest, belongs to a dififerent chapter. This 
compound comes from phenyl acid, a radical which in many respects 
excites the interest of chemists. The main source of phenyl is benzol, 
""C, 'He, or 

Fig. 16. 

Pnre benzol is a colorless liquid, somewhat refiraotire, as evaporable 
as ether, of penetrating odor, but not unpleasant when much diluted. 
It is the welt-known scooring drops. This most volatile of the coal-oils, 
called, enpion, is an exceedingly mobile and re&active medium, possess- 
ing the property of dissolving all oily substances without affeutiug any 
color or iqjaring any material ; it can therefore be used to extract spots 
of grease and oil from all fabrics, even from the most delicate rose- 
colored silk. Spots flx)m acida, li-uits, or lye are not removed by it. 
It produces no effect whatever on discolored spots; it can merely 
remove the grease and with that the duet; for every spot of grease on 
a garment is naturally a place on which the dust floating in the air 
is deposited. This beozine or benzol is, in a scientific view, phenyl- 
hydrogeu. 

By replacing the bydrogeo with hydroxyl, HO, we obtain from ben- 
zine carbolic acid, or phenyl acid, which In a pure state forms colorless 
crystals, but, however carefully protected from the air, it changes grad- 
ually to dull red, and finally to brown. Carbolic or phenyl acid is 
found in coal-tar, and is obtained from it in the form of carbolate of 
lime. The carbolate of natron, prepared by precipitating this salt of 
lime by means of a natron lye, is of inestimable value to the physicians 
as a means of obviating the fatal effects of hospital gangrene, of cleans- 
ing wounds, and exciting healthy action which has been suspended. 

By substituting for one atom of the hydrogen iu benzine— not hydroxyl, 
bnt nitryl — we obtain a new substance, nitrobenzol, mirbanol, and tliis 
brings us to ordinary perfumery. Thus, from the benzol of coal-tar is 
produced the artificial oil of bitter almonds, employed as a perfume in 
common pomades, in many cleaning mixtures, and substances contain- 
ing strongly-scented mineral matter, and iu common soaps. This mir- 
banol is obtained by mixing carefully, drop by drop, at a low tempera- ^ 
tnre, benzol and nitric acid. It would be unsafe to mix at once the 
whole mass of benzol and nitric acid, since it would produce intense 
beat and lead to explosion. In mingling benzol and red fuming nitric 
acid there is need of the greatest foresight, carefulness, and subdivision 
of the process. In spite of refrigeration, the benzol dissolving in the 



nGooglc 



214 NITROGEN BODIES OF MODERN CHEMI8TBT. 

nitric add develops heat and gases, and when the masses have for a 
time acted od each other, they are poured into an abondance of cold 
vater. Then, while the benzol, being lighter than water, floats on the 
snrfaee, tbo mirbanol, which is heavier, sinks nndemeath ; thus the ni- 
trobenzol is prepared firom the mixture of benzol with red foming nitric 
acid. This crnde mirbanol, which has still an unpleasant odor, is 
washed with weak carbonate of nitrogen, and then distilled off with ex- 
treme care. It is unsafe, after washing it, to place this compound in a 
retort over a fire, for, la case it approached the boiling temperature, 
there would be a flash, a fearful explosion, and the retort would be shat- 
tered. It must not be forgotten that, although this compound is not 
used for explosive purposes, it is a nitrogen body; you have admitted a 
wolf into the sheepfold; yon have introdaced the element of inflamma- 
bility — oxygen — among the atoms of hydrogen, and when once the 
kindling takes place the hydrogen bums throughout the whole mass. 
And yet the crude mirbanol is distilled, because the consnmptioD of it 
depends entirely on its freedom from color. This ia accomplished by a 
chemical process, whereby the crude mirbanol is placed in a retort and 
the vapor of water introdaoed. At first^ the water is condensed in tiie 
retort, but the vapor being constantly renewed, the water at length at> 
tains the boiling-point, is again viHwrized, and escapes into tiie receiva 
at a temperature, however, below the boiling-pointof mirbanol, and tiie 
latter is carried along by tba watery vapor into the receiver. Of Ibis 
device much nsehas been made, because this method of distillation at a 
low temperature greatly improves the odor and discbarges the color of 
the substance distilled. I beg yon not to suppose that the artificial 
mirbanol thns obtained from the crude nitrobenzol can be a substitnte 
for the genuine oil of bitter almonds^a costly, natural ethereal oiL If 
you compare the two, you will find it absurd to give the same name to 
the former, so delicate and &esh is the genuine bydro-beuzole, rela- 
tively to Uie crude and harsh nitrobenzol. They are indistinguishable, 
however, in a diluted state, and in alkaline fluids, particularly in lye 
compounds; in soaps the artificial oil is altogether preferable. Of 
these common products, for overcoming strong odors, the geonine, 
flue bitter-almond oil would be wasted — It would be lost — overpowered 
entirely by the rancid odor of the soap, for example, and would be less 
effective than its more powerful companion. 

But this is not its only use. When mirbanol is exposed to hydrogen 
in a nascent state, a nitrogenous compound is formed, aniline, which is 
merely pbenylamin : 

Os H. K H, 

This is a substance whose synonyms bewilder the beginner in our 
science. Amidophenas, benzidam, krystalline, kyanol, anilioe, pbenyla- 
min, they are all the same, but, singnlarly enough, their produt^on was 
accompanied by wonderful miaapprebensioos. A chemist separating it 
from coal-tAT, supposing it an oil, and observing that it gave a blue color 
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to diloride of lime, called it kyanol, bine oil. X)t,her8 have obtained it from 
phenyl add, &om the benzoate of ammonia ; others again from indigo, 
Bod Uiese called it aniline, from the Indian name of indigo. Anil Indi- 
gofera ; no one snspeeted that all tliese different bodies, produced in dif. 
ferent ways, were identical, outO their composition was studied, and after 
numerous and varied experiments it was found that they were one and 
the same pbenylanun. This base isobtained when we subject mirbanol 
to the action of iron filings. The mirbanol is placed in a covered kettle 
containing iron filings and water. The iron rusts; thus by attracting the 
oxygen, decomposing the water, and the nasoent hydrogen from the 
decomposed water, prodnces aniline from the mirbouol. This process 
completed, the oontenta of the kettle are distilled, and crude aniline 
passes over. This requires repeated cleansing, and changes to manifold 
colors. Kow, therefore, we find ourselvee among the coloring substances. 

When aniline and arsenic acid are subjected for some hours to intense 
heat, they are changed into a pitch-like, dark purple mass, which, on 
being porifled, yields crystallized fucbsin ; and if this red dye is dissolved 
in an excess of aniline and the solution heated again in the same man- 
ner, witboot Boffering it to evaporate, it becomes a blue mass with a 
coppery luster, (aznlioa) If we add nitric acid to rose aniline, we obtain 
aniline yellow and orange. If aniline is oxygenized with chromic acid, 
chloric acid, and'the salts of copper, we have gray and black ; if the sul- 
phate of rose aniline is added to byponitrite of natron, we obtain aniline 
green. There is scarcely a color of the spectrum or of art which cannot 
be produced from aniline. 

Aniline is the root of innumerable shades of color, which are all of 
marvelous beanty, but extremely perishable, not subject to chemical 
influences, but whose chief enemy is the light; hence the exceeding 
tendency to fade, of fabrics dyed with aniline. Forthisreason they are 
snitable for those materials only which are soon worn out or soon out 
of fitshion; while durable fabrics ought never to be dyed with these 
colors, since the light destroys them under all circumstances in a fabu' 
lonsly short time. 

Aniline dyes have competitors. From the naphthaline of coal-tar — 
this coal-champion — have similar bodies been produced, and nitro-naph- 
thaline furnishes a whole series of colors, which, however, are of no 
practical mterest 

As the consumption of aniline dyes is enormous, efforts are now in 
pn^ress to produce such modifications of them as will be soluble in 
watAror diluted nitric acid; because the original solvent, alcohol, or 
wood-spirit, not only is too expensive, but also involves this evil, that 
constant inhalation of alcoholic vapor produces injurious, sometimes 
fatal, effects on those who are subjected to it 

When carbolic or phenic acid is mixed with fiilminlc acid, all three of 
the hydrogen atoms at the other extreme of the chain are replaced by 
nitryl, and thna is produced tri-nitrophenyl acid. This is probably the 
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old«et of the nitrogeo compoands, the aH prev^ling bitter, picric acid. 
This substance is of a pale-yellow colorj by day a beautifiil yellovr, at 
night white. Picric acid dyes aoim^ fabrics yellow, withoat the use of a 
mordant ; it is almost poisonoos, and particularly hostile to insects. It ia 
proved by experience that animal fabrics impregnated with picric acid, 
with which we must always accept the yellow tint, are never attacked 
by moths or insects of any kind. When it is admissible, viz., when the 
color is not an objection and there is question merely of the preservation 
of the material, the use of picric acid may be warmly recommended. It 
is not so poisonous as to involve any danger in its use. Picric acid may 
be fixed in vegetable fitbrics when these are impregnated with a solu- 
tion of caseiue in borax. Still the acid oau never be made peri'eetiy fast 
in these textares, while for animal fabrics it furnishes one of the most 
durable of yellow dyes. This acid was formerly obtained firom different 
substances — from indigo, for example. Common Bengal indigo, evap- 
orated with nitric acid, leaves a deposit, which on the application of 
heat decrepitates feebly.- This is picric acid. 

Aloes, which is anfortunat«ly in so common use as a drastic purga- 
tive, digested with nitric acid also yields picric acid. 

Becently the most abnndant source of picric acid is gum acaroid, &om 
aa AustiBiiasitiee, {Xanthreeluica kaxtilis.) This resin, acted oh by nitric 
add, affords the highest percentage of picric acid. I most mention one 
more substance ; and this is obtained by the action of nitrogen from gly- 
cerine, the so-called oleo-sacchamm, a widely-diffused article, which has 
the formiila : 

(T, Hj Hj Oj 

We may suppose it a three-fold vater, in which three atoms of hydro- 
gen are replaced by the bivalent radical glycerj-l, 

Hs 
We can snbstitate nitryl for three atoms of the hydrogen in the 
glycerine and then we have trinitroglyceriue, glonoln, or glouoMin, the 
Swedish explosive oil, a body first produced and examined by Sobrero, 
and which is heavier than water, (1.06.) To prepare this we add a de- 
ciliter of the purest glyceriue, &ee from water, to Nordhauaen sulphuric 
acid and red faming nitric acid, mixed in tlie proportions of 6:4; 
thus, «. g., one liter to 600 cubic centimeters and 400 cubic centimeters, 
which mixture must be kept ice-cold ; it should stand in the cold several 
hours. Then this liter is poured into at least ten liters of ice-cold water, 
and the heavy, colorless oil, trinitroglycerjne, sinks to the bottom-, it 
should be well washed in wat«r, in which it is nearly insolnble. In watery 
alcohol it dissolves with difficulty, but readily in absolute alcohol, ether, 
and pyroxylic spirit. It has a sweet but unpleasant taste, and iuduces 
protracted headache, so that the homoeopathists have seized upon it as 
a specific against headache. This Swedish explosive oil is apparently 
the most formidable of the nitrogen bodies ; while one gram of gun* 
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powder affords 300 cnbio centimeters of gaa, one gram of nitro-glycer- 
jDe developes 720 cubic eentimetera. Moreover, tlie gunpowder leaves, 
theoretically, 43 per ceot. of residuum, while uitro-glycerioe leaves none 
at all, for the large proportion of oxygeu is so perfect a kiudler for the 
mass that it is changed altogether into gas. This gas coutainaSS per 
cent, carbonic acid, 20 per cent watery vapor, 3J per cent oxygen, 18^ 
percent, nitrogen. 

Oxygen is seldom observed among the gases resulting from explosion, 
and I do not think the oxygen found in this case is free ; it is probably 
present as nitroxyd gas, aud still a compound which supports combus- 
tion. Thetremendonsforceof DitroglycerinereDdersitthemostenergetio 
servant in our mines, it divides oar roclcB, does all the work of blasting, 
it is the Polyphemus of modem civilization — goes parallel with fearful 
accidents. The slightest imprudence may provoke a terrible reaction ; 
and, moreover, it is a very capricious snbstance, which does not explode 
as readily as gunpowder or gun-cotton ; occasionally it bums away 
qnielly; on this account, ignorant people who have to do with it grow 
more and more fearless, more and more careless, they disregard the 
warnings of their overseers until at length they become foolhardy 
and do something which arouses it from its indifference, when it explodes, 
reading and destroying everything in its vicinity. The fact that the 
liquid state of nitroglycerine causes it to leak and spread everywhere 
led to attempts to produce it in a solid form, and the result of these 
attempts is dynamite. This is merely a combination of nitroglycerine 
witb siliceous earth, containing a small qaantity of oxide of iron, which 
tinges it yellow. This siliceous earth is the productofalgse of infusoria, 
and of microphytes, and has a peculiar tnbular stmcture. The tubules, 
by reason of their capillarity, absorb the nitro-glycerine, and hold it so 
firmly that it never becomes moist nor docs it yield to light pressure or 
friction ; therefore this form, dynamite, is comparatively harmless, and 
has in some degree superseded the formidable explosive oil. Dynamite 
explodes at 180°. An explosion in nncondned space is very different firom 
one that takes place under pressure. If I bum gun-cotton in the open 
air the explosion is attended by no remarkable ^ect, because the air- 
waves equalize and convey away the shock ; but in a confined space the 
explosion exerts its fracturing force on whatever is nearest. This, of 
course, holds good of dynamite, and hence the numerous accidents re- 
sulting from careless handling of the charges — I might say from the 
utterly reckless use of dynamite. At first the untaught laborer is cow- 
ai-dly, too careful and fearful, when warned of danger by the experienced 
overseer; by degrees he grows less vigilant, he be^us to imagine that 
the matter is not quite so serious, and finally, in some way, arouses this 
malicious substance, and theu the catastrophe takes place. 

It is to be hoped that this explosive compound will be in all cases manu- 
factured at the place where it is to be used. The production of it is so 
eas>', success is so certain, that I do not comprehend why the hazard of 
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its transportatioD and the iiiDumemble cooseqaent accidente should be 
encountered. 

It is possible that this dangeroas, antamed laborer, who iierforms the 
compulsory service of cleaving our rocks and mountains, will yet be- 
come civilized; it may be that, through progress in mechanics, in 
chemistry, and in general science, it will become possible to subdivide 
and control the explosion, nod to use it, thus controlled and modified, 
as the moat convenient source of power to move our pistons and propel 
oar machinery. 
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SCHEME FOR THE QUALITATIVE DETERMINATION OF SUB- 
STANCES BY THE BLOW-PIPE. 



Bt T. EoLxeroN, E. M. 



In the course of m; instmctiou in blow-pipe analysis, I formerly 
foDDd great difficulty in teacbing the stadents how to distiogoish vith 
certainty, and within a limited time, the substanees contaiDed iu a mix- 
ture of four or five ingredieots. The old roatiue method of examination 
in the closed and open tube, and then on charcoal, &c, answered very 
well when not more than one or two substances were present, but did 
not answer iu the hands of beginners when they came to examine alloys. 
Fora long time I was convinced that it was useless to expect of a stu> 
dent that lie should be able, withoat extended practice, to determine, 
qualitatively, the composition of a very complex substance. It finally 
suggested itself to me, however, that a plan similar in some respects to 
the one used in certaiu qnancitative assays would answer for the gen- 
eral outline of qualitative work. I therefore prepared a provisional 
scheme, which, in order to teet, I gave to the students to work with. 
The result of a few weeks' use of this scheme convinced me that it was 
possible so to arrange one as to make it applicable to almost any com- 
poood, whether it was uaturat or artificiid. I therefore drew up a 
carefully-prepared scheme, which was modified firom time to time, as 
changes were suggested by its use in the blow-pipe laboratory. The re- 
sult was such that I felt no hesitancy iu giving to students who bad bad 
only a few weeks' practice, complex mixtures, feeling certain that they 
wodtd work systematically, and consequently with confidence and pleas- 
ure, where they were formerly in doubt. This scheme has been iu con- 
stant nse for four years, and has effected an entire revolution in the 
working of the blow-pipe laboratory. Much of the success which bas 
attended its use is owing to the publication of a translation of Flatt- 
ner's Manual of Blow-pipe Analysis, by Professor Cornwall,* to which 
oonstant reference is made in the scheme. I have to acknowledge iu 
ita preparation the valuable suggestions of my two former assistants, 
Hr. J. H. Caswell and Professor H. B. Cornwall. 

"With regard to the use of the scheme, the routine to be followed may 
be varied according to circumstances. If sulphides, arsenides, &c, are 

'PlattDer's Haaual of QnaliMtive and QaaDtitatiTeAnalyMS with the Blow-Pipe. 
Tmnalated by FrafsSMi ComwftlL Sd edition, D. Tan Kostnna, New York, 1873. 
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beiug treated, the sabstaoces mast be carefully roasted. If test 1 fails 
to sliow As, Sb, S,or Se, as snlpbides, &c., the snbstance is either an oxide 
or an alloy. If it is an oxide, tbe roastiog, 2, is omitted. If it Is an 
alloy, it is sabjected to the test 1, a, for Pb, &c., and tbea the test 1! A is 
perfonned by fusing it on coal with boraxin the B.F.,thascombiaiDg 
2 A and 2 A a in one operation. Some snlpbides during the roasting, 
2 A, will become reduced to tbe metallic state, and then, after thorough 
roasting, may be treated as alloys. A metal, or a raw sulphide, &c, 
mnst never be treated ou platinum wire, but the metal is fused on coal, 
with a flux. This is done in B. F. if it is desu^d to get only non-reda- 
cible metals in the flux, such as Fe, Co, &u. If Cu, Ni, and other re- 
ducible metals are to be flnxed, it is performed in the O. F. The Jltcx 
so prepared is then transferred to the wire. Sulphides, etc., mnst always 
be roasted before testing with borax, or 9. Ph. 

The word l>ead always refers to tbe flax, and button to the metat In 
regard to 2 B, Sn and Zn are rarely found together, except in alloys. Tbe 
presence of the one generally implies the absence of the other. If 
they are together as oxides, Sn can, however, always be found in the 
presence Zn by reducing them with soda aud a little borax, and tritu- 
rating tbe mass with water, p.90.' In alloys the Zn can be detected by 
treating for a short time in the B. F. ; the Zn, if i)re3ent, will volatilize 
first, and tbe coating may be tested with tbe cobalt solution. 

SCHEME. 
The •nbaUnce ro»7 0onUui A»— Sb— S— Se— Fe— SlB— Ch— Co— IWl— Pb— 

BI-Ak— An— Hk— Zn-€d— Sn— CI— Br-I-Co*-s'i— N-H. &c 

1. Treat on Ch. in tbe O. F. to find volatile Babstancea such aa As— 8b— S— Se — 
Pb — Bi— Cd., &C., p. 66 «( »ej. Test in on open tnbe to eee whether As, Sb, 8, are 
prHBent as arsenidee, &e., or In ui oxidixed state, p. 63 el teg. 

a. If there are volatile snbstanoes present, form a coating.ond test it withS.Pb. 
and tin on Ch. fuc Sb, p. 99, or to distinguish between Pb and BI, p. 3S0. 

a. Yellow ooat, yielding villi S. f h. > bUck bud ; dluppeulue vlth bloe dune, no put of it jleldiiiK 
GTseDJah 8b flame. Pb and BI. 

b. Yellow coiit. g«denU; with white bolder, fielding bUck or gnr bond witli S. Pb, dlaappeuliig 
wltb blue flame ; alio the bolder diuppMrins with [neo flue ; Pb ud Sb. 

e. Yellow coat. Tory elmilar to b, bat yielding do blue flune ; BI and Sb. 

d. Uake a apeclal teat tot Si. p. SSI. Pb In pmenoa of BI. if not In too unsU a qoontl^, It detected 
b; the bine flune fielded by tbe coat, or b; tbe redocsd metal itoelf. p. SSL 

h. If there are no volatUe substanoee present, divide a part of the substance into 
three pottioas, and proceed as in A. 

2. If As— Sb — S— Se are preaest, roast a large qnantit; thoronghly on Ch., p. 77. 
Divide the snbstance into three portiuna, and proceed as in A> P. xv, note. 

A> Tbkatment of the Fibst Portion.— Dissolve a very small quantity in borax 
on platinnm wire in the O. F., and observe the color prodaced. Varions colors will b« 
formed b; tbe combination of the oxides. Saturate tbe bead and shake itoff into tb« 
porcelain diab ; repeat this once or twice, p. 79. 

a. Treat these beads on Ch, with a small piece of lead, silver, or gold, in a strong 
B.F.,p. 113. 

aminal, iJHulated by H. B. Cornwall, M edlttao. 
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i. Pe— Mn — Co — ftc*, remain Id the bead, p. 115. 

U the bead apnoda aat on tlw Ch. II most b« eoUeoted to ■ globule by rontinnsd blowlDic. 
Make i horn bemd on pUUniua wire, uid dlisetve in It »nu or the hugmeDt* of the bead, mcrriiig 
tbe nat for iccldeuti. 

0, Ni— Cn— Ag— Aa— 9n— Pb— Bi are rednced aod collected by the lead bnt- 
toQ. 8d, Pb, Hi, if pisaeDt, will be partly volatilized, p. 113. 

BrmoTe tbe le*d bntton fnmi the bead wbile bol or bj bnaklnK the Utter, when cold, on the anvil 
between paper, oueAiUy pieeerrlng all the tnsmenta. 

d. If Co IB present, the bead will bo bine. 

ir a lar^ amount of F« la pnaent, add a little borax to prore the pnaenoe or Dbaoace of Co, p. 

U Mb ll preeeot. ^a bead, when treated on pUtlnDm wire ia the O. F., will beoome dark violet at 
black. 

«. If only Fe and Mn with no Co are present, the bead will be.alinoet oolorleas. 

Look bore for Cl. Tl, Mq, V, W, V. T« by the wet way. 

A coniiderable niDODnt of Tl may ba delected with a Fb. and tin io tbe oiigliul oildea, In abaenoe oT 
othnr non-rednclble coloring oxldea, p. 323. Mo will be ebown by the oloady brown or block appear- 
■Dce of the borax bead in the £. F. on piatlnom win, p. 109. 

/. Treat the button c on Cb, ia tbe O. F. nntil oU the lead, Sco. ie driven off; Ml, 
Cn> Ag, An remHiuing behind ; or oeporate the lead with borscio acid, p. 442. 

g. Treat tbe reaidae g on Ch, in O. F. with S. Fh bead, removing the bntton while 
the bead ia hot. 

k. If Nl and Cu ore preaent, the bead will be green when cold, p. 393. If HI 
only, yellow. If Cu only, bine. 

Fi«Te Cu by treating with tin on Ch in the B. F., p. S93. 

i. For Ag and Ad make the special test So. B. 

B. Treatmrnt of tab second foktion.— Drive off the volatile anbatonces in the 
O. F. on Ch. Treat with the R. F., or mix witb eoda, and then treat with the R. F., 
for Zn, Cd, Sn. If a white coatiag is formed, test with cobalt solution, pp. 3&1, 
256, are. Note, p. XV. 

C. Treatment of the third portion. — Dissolve some of tbe snbetance in 8. Pb 
on platinnm wire in 0. F., observing whether Si O' is present or not, and test fbr Mn 
with nitrat« of potassa, p. 210. 

3. Test for As with soda on Cb, in tbe B. F., or witb dry soda in a closed tnbe, p. 
345 «f leq. 

4. Dissolve in S. Ph on platinnm wire in the O. F., (if tbe substance is not melallio 
and does not contiun any S.,) and test for Sb on Cb with tin in the B. F., p. 99. To 
detect small amounts of Sb with On or Sn, see p. 331. 

&. Test fbr Se on Cb, p. 368. 

6. lu absence of 8e fuse witb soda in tbe B. F., and teat for S on silver foU, p. 365. 
In presence of Se, test for S in open tube, p. 3G6. To distinguish between 8 and 
SO^, see p. 3(18. 

7. Test for Hg with dry soda in a elosed tnbe, p. 304. 

8. Mix some of the snbstjinoe with assay lend and borax glass, and fose on Ch in 
the R. F., p. 401. Cupel tbe lead bntton for Ag^ p. 4V7. Test witb nitric acid for 
Ab. p. 320. 

9. Test for CI, Br, and I with a bead of 8. Ph saturated witb oxide of copper, pp. 
373, 374, 375. 

10. Test fi>r CI or Br with blsulphate of potasaa, p. 374. 

11. Test for HO in a closed tnbe, p. 353. 

12. Tost on platinnm wire, or in platinnm pointed forceps, for coloration of the 
flame, p. 73 •( teg. 

13. Test for CV with bydrochlorio acid, p. 360. 

14. Test for NO* witb bisulpbate of potossa, p. 354. 

15. Test for Te in an open tnbe, p. 351. 
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BLOW-PIPE APPAEATUS. 



BLOW-PIPE APPARATUS, 

MAKUPACTUBED BY HAWKINS AND WALE, STEVENS IN- 
STITCTE, HOBOKEN, NEW JERSEY. 



FOR qOAUTATlVB DBTBBMIXATIONS. 

Bloir-pipe, vith two platiuam Jote...... |3 00 

Extra jets, each 75 ceDts 

Blow-pipe lamp y 4 50 

Plationm-pointed forc«pe 1 JS 

Brass forceps -.. . ............ ... . ..... 75 

Steel forceps, for l«mp 33 

Catting ply era lU) 

Platioara wiie-holder, with iii wires 1 50 

Hammer 75 

Anvil « 

Bar-mofCDBt 35 

Hagaifier, with two lenses ...... 1 85 

Alcobollamp, witb brass cover , 75 

Charcoal eAw 35 

KdUo 38 

Two bnisbet 36 

Lamp-flcissoTs 40 

Coal-tray ■ 65 

Dirt-tray 40 

Charooal-borer, clab^hape.. .......... . , ...... . 1 35 

Steel mixiDg-apatala 40 

21 06 
FOR qCANTITATIVK DBTERMINATION'S. 

Holder for evaporatiDg-dish, triaogle, &c f3 00 

Holder for fiinnel and chimney 1 M 

Flat- noeeplyers, (nippers} 45 

Charcoal-borer, fonr cornered Ci 

Charcoal-borer, with spatnla 40 

Two ivoryspootis 60 

Uattrass-bolaer 3» 

Mixing.«apflale, brass gilded 45 

Twobmshea 36 

Box for Kid& papers 2t 

Wooden fonu for paper oylindera 15 

Cupel-holder, with twocn^-cnpa and one mold , 1 75 

Charcoal-holder, with plationin ring and screen S 95 

Test lead ineasan 36 

Assay button brush — 4S 

Stand for charcoal-holder B 

Charcoal-borer, club ahape 1 S 

13 35 
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THE BODNDARY-IINE BETWEEN GEOLOGY AND HISTORY. 



By EDW.UID 8UE8S. 



[Tr&Deilated for the SmitbMniiui InetitntloD.] 

If we were to attempt a general review of the whole past history of 
our earth and its iobabitaDts, we shoald t>e immediately led to consider 
the first appearance of man as one of its chief epochs. The stady of 
the conntless ages preceding that epoch belongs ezclasivelj to geol- 
ogy and paleontology ; the stady of the later and mnch shorter period 
principally to history. 

The boandary between geology and history is therefore the time of 
the first appearance of man, and it is the part of a lectnrer on this epoch 
to describe the phenomena which attended the first appearance of the 
human race. However, that cannot be done in the present state of 
science, since it is probable that man did not appear everywhere at 
the same time. Perhaps thousands of years intervened between bis first 
appearance in Asaa and America, in Eorope and in Anstralia, and hence 
it is necessary to divide onr subject Into geographical periods. We shall 
confine onrselves to the first appearance of man in Central Europe, that 
part of the euth being the only one which has been sofflciently inves- 
tigated in this respect to arrive at any possible scientific conclasions. 

Geology teaches that onr monntaina were produced by nnmeroas dis- 
torbauces after many changes in the distribation of land and water, and 
that afterward they assnmed their present forms, and the continents 
their present ontlines. Palteontology exhibits to as strange beings in 
the first periods of life, whose forms, only in a few instances, present any 
analogy to existing species. The nearer we approach the present time, 
however, the greater becomes the similarity to the present animals and 
plants. Even before the appearance of man in Central Europe, there were 
first marine and then land animals and plants, kindred to which still 
exist; and since their places and modes of living are known, we are 
enabled to draw from them many certain conclusions as to the external 
conditions of life in those ancient times. In this way the geologist and 
the paleontologist approach the first appearance of man irom distant 
ages, and the nearer they approach the clearer are their observations 
and the more certain their conclusions. The opposite is the case in his- 
tory; the historian must go backward to arrive at the same point 

If, now, in Middle and Northern Europe we endeavor to go back 
before the times of which we have the short and partial descriptions' of 
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Boman bistorians, we flad Dotliiog bnt a few obscnre traditioDS. It ia 
known, however, especially throagh the esaminatioD of uncient graves, 
that these regions were inhabited by people who made their weapons 
and tools of bronze, a mixture of copper and tin. The remnants left 
by these people indicate peculiar taste for ornaments and great skill in 
the working of these metals. This great epoch of civilization is called 
the age of bronze. 

Other discoveries show that before the age of bronze there lived a 
people who were ignorant of the manner of working the metals. They 
made their weapons and utensils only of stone, sharp splinters of bones, 
and of wood. This more ancient epoch has been called the ageof atone. 
To it belongs a great nnmber of the graves found in Denmark and 
Sweden. Onr knowledge of the mode of life of some of these ancient 
peoples has been increased in an unexpected manner by the discoveries 
of the Swiss arohfeologists. The very low water-mark to which the 
Swiss lakes fell in 1854 laid bare extensive palaflttes or pile-coDstmc- 
tions in the lakes of Geneva, Constance, and many others. In some of 
tiiese, remnants of the a^ of bronze, and in others of the age of stone, 
were fonnd between the piles in the maddy bottom of the lakes. On 
these piles were erected formerly the habitations of the natives in such 
a manner as to protect them against the attacks of theur enemies and of 
wild beasts. It is known that sach palaflttes are still in nse in Kew 
Guinea ; and Herodotus gives a detailed description of similar constmo- 
tions in Lake Prasias, where Megabazus, the general of Darins, fbnnd 
them. 

Apparently the age of stone can be divided into an earlier one, in 
which men only know how to cleave stones in order to give them the 
required shape, and a more recent one, in which they understood the 
art of grinding and polishing stone articles. The traces of the oldest 
time are the most interesting, because we can inquire how far they corre- 
e^nd with the facts which natural science reveals to os. Here, then, 
geology and palaeontology have their brightest pages, while history 
shows na the first traces of hnmui existence. For this reason oar con- 
sideration of the question is geological laUier than archaeological. Oar 
method will be as follows ; First, we shall consider the phenomena ap- 
parent in the inorganic creation of that epoch, and then describe the 
plants and animals which existed in these regions immediately before 
the appearance of man. We shall also show under what cuxjnmstances 
traces of the oldest age of stone have been in various places discovered. 

There are in these places large masses of loose rocks, which evidently 
came into their present position at a time after the sorrounding country 
had assumed its present condition. The most remarkable of these are 
those brought to their present places by the glaciets. Ice is not abso- 
lutely solid, but possesses a certain degree of viscosity, which causes 
masses of it collected on the high mountains to flow slowly down into 
the valleys in the fbrm of great streams of ice. These wonld soon fill 
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n[) tlie valleys were it not for tbe milder temperatare of the latter, wliicli 
melts tliem and puts an end to their progress. Freqaently rocks Tall 
down upoQ ttiem from the precipices above and are carried down into 
the valley. Tbese stones collect at the lower end of tbe glaciers, form- 
ing heaps called moraiues, and are usnally in the shape of a half-moon 
with its concave side toward tbe glacier. If a long-continued cold 
temperatare sets in, which favors the progress of tbe glacier, the latter 
will push before it the moraine, along with a monnd of earth, uprooted 
trees, &c. ; and if the temperature rises, tbe lower end of the glacier 
melts away and the glacier apparently recedes, leaving the moraine at its 
advanced position as a mark of its extent to future observers. 

Such advanced moraines are found with nearly all the larger groups 
of glaciers in Central Europe, some of thent miles away from the pres- 
ent end of the glacier, as, for instance, at Berne and Zurich in Switzer- 
land. Mountain-ridges like the Carpathian, which have no ice near 
tbcm to-day, have ancient moraines. Marienzell rests upon bowlders 
brought to their present position by glaciers. At tbe foot of the 
Bosalia Mountains are found the traces of glaciers which formerly ex- 
isted ou tbe Wechsel and Schnee Mountains. 

Since these moraines extend directly across the valleys, they often ob- 
strucc the waterconn;es and give rise to Alpine lakes. The upper lake 
of Gosau is bounded toward the valley by the moraine of tbe western 
Dacbstein glacier. The " Meerauge," a lake in tbe Tatra Mountains, is 
hemmed in by a similar moraine, although at the present time there is 
neither a glacier nor even an extensive snow-field la the place. All 
tbese moraines are a proof that a much colder temperature must have 
prevailed in tbese regions at a time after they possessed their preseut 
formation, and if tbese traces of past glaciers are so numerous in the 
latitude of Switzerland, we can easily imagine that they are still more 
extensive farther north, in Scandinavia. 

The northern part of Europe also presents other striking phenomena, 
which must be described in detail. The topography of a region depends 
on tbe relative height of itj) different parts ; the distribution ol land 
and water on the absolute height of tbe whole. The level of the sea 
may be taken as unchanged. By the "continental" elevation and de- 
pression of large regions, considerable changes have been produced in 
tbe outlines of tbe dry lands, and these changes are divided into three 
great epochs. 

1. The first epoch is that of depression. Then tbe sea extended as far 
as Hanover, and from Breslau to Cracow. The whole North German 
and Central Russian lowlands were under water. Scandinavia and 
jtarts of the British Isles were above the surface of the sea. In Scandi- 
navia the ends of the glaciers reached down into tbe sea, just as they 
do in arctic regions in the present day, and from time to time a large 
piece, often covered with huge blocks of the moraine, would separate, 
float down to the southward, and there deposit its load. Thus it bap- 
15 s 
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pens tLat ;» large portion of Central Europe is to-day covered with a 
bowlder foimatioD of Scandinavian or Finnic ori^n. 

2. The following epoch is, on the contrary, one of extensive and cod- 
sideraUIe upheaval or elevation, which has been specially studied by the 
English geologist Austin. While the sea bad before extended so far 
into Central Europe, all the sea-bottom between Ireland, France, En- 
glaud, and Scandinavia was now raised above the surface of the water, 
and our coutinent extended as far as the Shetlaud Islands. What is 
to-day the North Sea was then an extensivo lowland, traversed, no doubt, 
by a large stream, the continuation of the present Bbine, which then 
had the Elbe and the Thames for tribntiiriea, and it» mouth far to the 
northward. Even at the present day fishersfind in the deei)er portions 
of the North Sea bones of deer and elephants, which once lived on the 
banks of that great river. On many portions of its banks submerged 
forests are known to exist, reaching far below the present sea. The 
present bottom of the sea presents a line of steep descent at a depth of 
about 200 fathoms. This line runs west of Scotland and of Ireland, in- 
cluding, therefore, that island also, and approaches the present continent 
only in the direction of the Bay of Biscay. There is some reason for 
supposing that this line indicates the former outlines of Europe. 

3. The next epoch was that of the depression, which gave the conti- 
Dent of Europe its present form. 

The most important changes which can be recognized in Europe at 
so late a period are a severer climate and repeated alterations iu the dis- 
tribution of water and land. Astonishing as these phenomena may 
appear, a glance at the present state of things will demonstrate their 
possibility. 

Europe possesses at present an exceptionally mild climate ; a stream 
of warm water coming from the Gulf of Mexico washes and warms the 
greater part of its western coast ; warm currents of air blow over ita 
southern parts from the Desert of Sahara, and the absence of a large ex- 
tent of country near the north pole prevents the accumulation of great 
masses of snow, and the cold winds resulting f^om it. But all these 
favorable conditions could be completely removed by a change in the 
distribution of land and water. Such changes are, indeed, still going 
on in some places. A portion of Sweden is known to be rising, while 
a part of Greenland is sinking with considerable rapidity. 

Having thus far considered only the inorganic world, let us now turn onr 
attention to the organized beings which inhabit Central Europe under 
the above circumstances, and we will see that their character entirely 
corresponds to a severer climate. 

The remains of the land-animals of those times are found either ia 
alluvium or in caves. An alluvium of yellowish-brown clay, found in 
most river-valleys of -Central Europe, is formed by fresh-water rivera 
or lakes, and contains no sea-sbells. In it we find the shells of various 
land-snails and the remains of herbivorous mammals much more fre- 
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quently than tbose of beasts of prey. lu caverns, however, the latter pre- 
domiimte. Since the herbivorous animals, which were carried to the 
caverns by beasts of prey, were the same as tho^^e found in the alluvinui, 
and since we occasionally find remains of the same beasts of prey in 
the allnviam, we are justified in considering their existence as coeval. 
The whole fanna of mammals may be divided into four groups : 

1. Animals now extinct and not meutioned in liumao traditions. To 
these belong the mammoth (^Elepkas primigcnius), the large two- 
horned rhinoceros with bony septum in its nose (Rhinoceros tichor- 
hiHus), the cave-lion, hyena, and bear, and tbe JJrsus priscits. 

2. Animals which are known to bave become extinct, or to have been 
ext«riuinated in historical times. Among these are the "scbelch"of 
Niebelun gen -Lied, [CervKs euryccros Aldr.,) a very large species of deer, 
related to tbe fallow-deer, but much larger ; the Vrvn, or ur, of the an-, 
cieut Germans; and another species of ox, tbe Boa longifrons. Among 
those which are nearly exterminated or driven out of Central Earoj>e in 
historical times are the wisent of tbe Niebelun gen- Lied — an animal 
still kept in tbe Lithuanian forests by order of the Russian government, 
and often exhibited as a Cms in menageries — the elk, and the beaver. 

'i. Animals still living iu Central Europe, such as tbe wolf, fox, pole- 
cat, hoR, borse. 

4. Animals still extant, but not in the lowlands of Central Europe. . 
To these belong the reindeer, the North American mask-ox, the com- 
mon lemming, the glutton, (wolverine,) which now live much farther 
north, and the marmot, now found on tbe Alps. 

Tbe fourth group of mammals points with great certainty to a colder 
climate during those times. The bones of all the above-named animals 
bave either been tbnnd in the alluvium, or in caverns, or in both. But 
besides these direct discoveries, there is an indirect way of obtaining 
information concerning the ancient flora and faunsi, which the English 
naturalist, Edward Forbes, has the credit of discovering. Tbe phe- 
nomena which will now be mentioned seem better calculated than all 
others to cast some light on the first appearance of man iu Central 
Europe. 

Tbe researches of the last decade leave no doubt that each species of 
animal or plant had an original home, from which it spread in different 
directions in the course of time, according as tbe external conditions of 
life permitted, and no geographical obstacles, sncb as a sea, or a very 
high mountain-chain in tbe case of a land-animal, were in the way. 
Hence, each species has a geographically connected region ; and where 
this is not the case, we may aesnme that this region was divided by 
later iuflaences. 

In many cases human influence is perceptible ; tbe lion, for instance, 
has a considerably divided region, having been exterminated in the 
ancient civilized countries. The ox, on the contrary, has a twofold 
borne, by having been transported to America. 
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All these changes produced by mnn affect only single species, and 
not the whole fauna. The phenomena vhicli must be ascribed to geo- 
logical revolutions are much grander. The flora of the Canary Islands 
and of the Azores, in particular, shows so great a resemblance to that 
of tbe Western European coasts, that we ninst assume the former con- 
nection of these points in spite of their present distance apart. The 
inhabitants of the island of Madagascar differ, on the other hand, from 
those of the eastern coasts of Africa, and those of tbe Galapagos 
Islands from those of the coasts of South America. Hence it follows 
either that the separation of these islands from the continent is older 
than the inhabitants of the islands, or older than those of the conti- 
nent, or older than either. 

In Central Euroi>e there are to day two remarkable examples of di- 
vided regions. The first consists in the identity of the fish species in 
oar various rivers, and this is at least partially explained, on geologi- 
cal grounds, by the very plausible supposition of a large stream in the 
region of tbe present North Sea, which had tbe Thames, tbe Elbe, and 
others for tributaries. The present inhabitants of our rivers may be 
considered as the isolated remains of those which formerly [teopled tbe 
great united stream. 

The second phenomenon is the following : On the isolated heights of 
variOQS mountains a peculiar flora repeats itself, and many species of 
this Alpine flora are found again far away in Scandinavia and Lapland. 
Many animal species are distributed in the same way. Tbe white 
mountain-bare, {Lepus variabilis,) for instance, is found in tbe pine-dis- 
tricts of the Alps, on tbe mountains of Scotland and Ireland^and in 
Scandinavia, Lapland, Northern Russia, Siberia, and G<reenland. If 
this animal came on our mountains from the far north, bow does it hap- 
pen that it is not found in the intervening valleys t 

IS'ow if tbe hypothesis of the original connection of such regions ia 
correct, these Alpine species must have had some connection with tbe 
northern ones ; and since it has been observed that tbe reindeer and 
lemming not always lived far north, but also in Central Europe, and that 
the marmot could also exist there, it is highly probable that in Central 
Europe all those species of plants and aninmls existed then which are 
now found both on our mountains and on those in the north. 

In the colder tihie these beings, therefore, bad their common abode in 
Central Europe, and were distributed gradually while the change of 
temperature was going on, since they could only find the conditions 
necessary to their existence on high mountains or in boreal countrie& 
Some only remained in the valleys, (those of the second and third 
groups,) some became extinct, (those of the first group,) and some emi- 
grated, (those of the fourth group.) At the same time new species of 
animals and plants appeared, which form the greater part of tbose of 
the present day. The merit of having indicated how we may obtain 



itizecy Google 



TOK BOUNDARY-LINE BETWEEN GEOLOGY AND HI8T0UY. 2:*9 

iDtonuation on the order of their appearance also belongs to EdwHrd 
Forbes. 

The giadual appearance of these speeies is connected with the estah- 
lisboieut of a milder climate, a consequence of the gi'eat depression or 
Binkiog of the Euroi>ean coasts, through which the sea gradually en- 
croached on the Rhine, forming the Xorth Sea and also St. George'^ 
Channel. With the immigration of new species the British Islands 
gradually separated from the continent, and this isolation had been 
already accomplished before the new comers had spread. These found 
insuperable obstacles in the newly formed channels, and never reached 
Great Britain. Hence it comes tbat of the twenty-two species of rep- 
tiles existing in Belgium, ouly eleven are found in England, and only 
five in Ireland. 

According to Mr. Thompson, if we compare the Irish fanna with the 
English, we will find that tha former is deficient in many instances. 
Irehind lacks fonrteeit or fifteen speciesof the eighteen English varie- 
ties of hats, many other common animals, as the sqairrel, the dormouse, 
all field-mice witbout exception, the common field hare, the polec^it, 
the wildcat, tbe mole, mauykiuds of shrew-mice, all snakes, tbe common 
lizard, {Lacerta agitis,) &c. All these, we may therefore suppose, reached 
England only after Ireland had separated. Heuce we see why the 
loountnin-hare is fouud on the Irish mountains, while the common field- 
bare is wanting in the valleys. It also ajtpeara tbat some of the most 
common inhabitants of our fields and meadows are among the animals 
wanting in Irelaixl. Perhajts the conntry was composed only of forcists 
and 8\vamps at the time Ireland became separate. 

We furthermore see that the animals now existing together in Cen- 
tral Europe did not appear together ; they may, therefore, be divided 
into groups, noc according to their organization as by the systemntist, 
but simply according to the date of their appearance in Central Europe. 

It is from this point of view that we may obtain the means of judging 
of the first apjwarance of man in these regions. We must show under 
what circumstances the most aucient traces of man were found. Two 
instructive and fully accredited discoveries will suffice to show tbat the 
first apjtearauce of man dat«smuch farther back than is generally sup- 
posed. 

1. Belgian scholars (especially Schmerling and Spring) found human 
bones aud crudely made weapons of flint in the caverns of Gouff(;n- 
taine and Cbokier in the"Troa cbauvau" between ^Namar and Bijou. 
These remains were accompauied by the bones of the cave-bear, hyeua, 
lion, " scbi'lch" deer, aud a species of horse, in a manner which leaves 
no doubt as to their co existence. Three fragments of human skulls 
were found there, which difler from all at present existing in Europe by 
being long and flattened out at the sides aud by the shape of the fore- 
bead. Tbcy apparently belonged to an elderly man, a twelve-year-old 
and a seven-year-old child. Human lower Jaws have also been fuaud. 
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Tbeyare broader iu froot, aud tbe cliia forms a sharper angle backward, 
tbBn in any of the preKCnt European races. These skalls, therefore, 
exhibit a progoatbons form, which is only found iu a low state of civ- 
ilization. 

2. In t84d M. Boucher de Perthes, of Abbeville, In Northeastern Fraace, 
aunounce<ltbat be bud found strataofsaud and alluvium, in which skel- 
etons of extinct siiecies of auimals occnrred, together with bamao weap- 
ons and tools of dint and stag-hom. Soon alterward Dr. Rigollot^ of 
Amiens, made similar discoveries, and many excellent geologists, hke 
Prestwicb, Ljell, &c., who visited these regions since, agree that tbe 
haman and animal remains found there are of the same date. Human 
bones have not been found there. Of tbe animal remains it is snfficient 
to mention tbe mammoth, tbe rhinoceros with divided nose, and the cave- 
hyena ; the api)earance of the reindeer is also of special interest. 

Sir Charles Lyell described these discoveries in detail hist fall in his 
oi>ening address as president of the British Association. According to 
his statement tbe allnvinm stratum has been explored to a distance of 
fifteen English miles, and has already furnished over 1,000 flint utensils. 
To explain sach a uamerous occurrence of these manufactai«s along 
with animal skeletons without tbe presence of human bones, Lyell 
instances a phenomenon observed by him on Saint Simon's Island, in 
Georgia, North America. There tbe traces of an old Indian settlement 
are visible in a stratum 5 feet thick and covering about ten acres, which 
contains oyster-shells, arrow-heads, stone hatchets, and Iragments of 
Indian pottery. If now tbe Altamaba Biver were to wash, away this 
stratum from the island and deposit it again farther along its coarse or 
at its mouth, we would have a deposit of numerous human manufactures, 
but without human bones, just as at Abbeville. 

Tbe occurrence of the reindeer along with human remains has re- 
cently again been confirmed by Mr. Prestwicb, who found a dint weapon 
immediately under the horns of a reindeer in the cave of Brixham, En- 
gland. This animal, as is well known, is very sensitive to milder tem- 
peratures; all attempts to acclimatize it in Northern Scotland have 
failed. It therefore follows, not only that man was the contemporary of 
the extinct large mammals of the first group, but also, from bis simul- 
taneous appearance with the reindeer, that he was a hanter in Central 
Europe already at the time when tbe climate was much severer than it 
is now. 

If we compare tbeae most ancient human remains yet discovered with 
those of the palaflttea, which may be counted as belonging to the age 
of stone, we will perceive striking difiereuces ; first, tbe positiou of the 
palafltt«s proves certainly that the water-level of the Swiss lakes has 
not changed very considerably since their construction, and we may 
therefore conclude that the glacier period was past at the tiine of their 
constraction. In some cases this can be fully proved. Among tbe 
remains found iu them neither the reindeer uor any of tbe animaLs of 
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tbe first or foartb groups occur. Tortoises, whose remains are found 
tbcre, are cospecific with tbe European swamp-tortoise, the shells of which 
occur with bumao reuiains in Scandinavia, in peat in Unogary, and 
which, according to Tachudi, is even found alive in the Kenss Valley, 
Switzerhind. Among vegetable remains numerous broken hazel-nut 
shells are remarkable, not because they were oecessniily an article of 
food ol' the lacustrians, but because they belong to a plant, which was 
formerly widely diatribated and whose fruit is even found in the peat 
of tbe Shetland Islands. Cereals have also been found. 

The articles of human manufacture from the palafittes also differ from 
those of Abbeville and the Belgian caverns. They are not cleft but 
ground. Sherds of pottery-ware are only found in the former, and every- 
thing points to a higher civilization and to external circumstances, 
which could not have been very diSerent from those of the present day. 
A pearl of amber found by M. Keller iu the palafittes of Meileu, in Lake 
Zurich, is perhaps another proof that the eastern coasts of Prussia were 
the same then as now. 

If we are warranted, therefore, in assuming the prevalence of a 
severe climate during the first division of the age of stone, because of 
tbe simultaneous occurrence of the reindeer and weapons of tliiit, and 
that the palahttes contain indications of conditions similar to the pres- 
ent, it follows that the lust great changes in the temperature and the 
concomitant redistribution of hmd and water took place within the age 
of tttoneof thearchieologists. And since the migration of organic beings, 
like that of the lowland flom of those times, to the Alps and to Scandina- 
via could only take place very slowly and under a very gradual change 
of climate, we must asaume that the age of stone included an extremely 
long i)eriod of time. 

The drst progress of tribes in civilization is always slow, and the 
Hindoos do not show divine honors to Twacbtri, who taught the prep- 
aration of brass, without a causa No one knows how long before Puu- 
sanias the Sarmatian stuck to his arrows of hone- splinters, or how long 
the African has hurled his Itoomeraug. At the time of Diodorus, the 
arms of the Libyan consisted of three light darts and a leather hag of 
stones. To-day the traveler finds the same weapons in the hands of 
the African. 

Uonibiuing what has been said, tbe following appears to be the result 
of tbe most recent researches concerning the antiquity of man iu Cen- 
tral Europe. 

Even at a time when Central Europe was cold enough for tbe reindeer 
to live iu Northern France, when the mammoth and the rhinoceros in- 
habited the swampy shores, and lions, hyenas, and bears the caves, 
when Great Britain was probably connected with the continent, and 
Scandinavia with Denmark, a race of men lived there who bad prog- 
nathous skulls, and possessed only weapons of flint and bone-splinters 
to hunt food with and to protect themselves agaiust these large beasts. 
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Gradually, in the course of tboiiauiids of years, tbe land sank, tbe sea 
separated parts from it, and a milder temperature prevailed. Theu a 
|K>rtion of tlie flora aud faana slowly migrated, partly to the moant- 
arns, partly to the nortb, and partly to botb. Many large auimals like 
tbe mamoiotb, incapable of living iu the mountuias, remaiued tK^bind; 
the lowlands at tbe lower i>art of tbe Rhine's course, which were prob- 
ably the principal abodes of these large herbivorous animals, gradu< 
ally sank below the present North Sea, so that they, exposeil to an un- 
congenial climate, surrounded by a new immigrated flora not their orig- 
inal food, and subjected to the attacks of man, gradually died out. lu 
the lowlands new species continually appeared, many after Ireland and 
some few after England had already become separated from tbe conti- 
nent. Finally came new tribes of men with new arts, and we And tbe 
first traces of agriculture. Here tbe historian takes up the account 
from tbe geologist and palatontolugist. 

This sketch necessarily remained im]>erfect, becanse it was not possi- 
ble to make it include all the turther i>roofs furnished by the study of 
the present distribution of plants, of lower animals, (land-snails,) and 
especially of marine animals. It was also necessary to pass over all 
those phenomena which relate to tbe existence of a separate impnlation 
in Western Europe. But perhaps what has been said will he sufficient 
to give a general idea. 

Defenseless, like no other animal of tbe same size, man is born with- 
out sharp teeth, without claws, without any external means of defense, 
such as the fur of many beasts. The child is dependent a longer time 
on its mother than tbe young of any other animal, and no being is as 
helpless. And yet man has made himself the master of all. He has 
made a thousand instruments, flre, aud the modulations of speech his 
own. Tbe space of time, which now follows and which is called the Age 
9f Man, exhibits one great, enduring, eminent characteristic — tbe pro- 
gressive, irresistible triumph of the intellect. 
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EIPLANATION OF THE PRINCIPLES OF CRYSTAllOGRAPHY 
AND CRYSIAIXOPHYSICS.' 



Bt Aristides Brezisa. 



ISTBODUCTIOy. 

Among all tbe methods in cr.vstallograpby tbere is not a single one 
^bicli has remained so completely oonfled witbia special limits as Mil- 
ler's. The reasoD for this is Dot the abstract methoil in which the sub- 
ject is treated, nor its ditticnlt mathematical principles, but is principally 
owing to the fact that, u|» to this time, it has never been treate<l separ- 
ately from those operations wliich serve for the derivation of certain 
special mathematical formulie in the first principles of geometry. 

Miller's method is really capaUle of an elementary treatment, which, 
almost without the nue of mathematics, renders possible not only the 
quick and certain explanatiou of all combinations in the way of zone- 
observations, but also the recognition of the physical characters of 
crystals on the basis of their relations of symmetry. 

These characters of this known method are especially nseful for min- 
eralogists and litbologists, who make microscopical observations : for the 
first, because he, without many measurements and calculatious, can 
show, from only the simple inspection of a crystal, the connection of the 
different faces, together with the explanation of the combination ; and 
for the latter, because he is in position, on account of a jirecise knowl- 
edge of the relations of symmetry, to recognize, in thin sections, both 
the crystalline system and the elements of a crystal ; and in both cases, 
TTithout presumption of such mathematical knowledge, which is without 
tbe departments of mineralogists and litbologists. This method is, for 
this reason, not only simple and fandameatal, but is in every way supe- 
rior to tlie others in use, which have originated with Weiss, Naumann, 
and Levy. 

One of the most important advantages of it is the possibility of a 
simnltaneons develoitroent of tbe crystallographic and physical rela- 
tions of every sjstem from its known symmetry. This method of pro- 
cedure gives, from the very commencement, a complete insight into its 
habits and characteristics, and secnres, during its development, a survey 
of the whole theoretical structure. But while this method of derivation 
vas first carried out for the crystallographic part by von Lang', the in- 

' MiDuroloKlsche HittlieiluDKeo. Wieo, 1872. 
*LaDg, KTyatallographie. WieD, BraamUller, 1860. 
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troductioD of Whewell'a' metbod of notatioo of tbe faces of crystala 
was iiu importaDt elemeuC in Miller's syHt^m. 

Millei'a symbols consist, as will be explitined later, of three iodices, 
which are inversely proportional to tbe intersections of the faces on tbe 
three axes; while in Weisa's system they are directly proportional. 
Xaumanii's and Levy's systems sometimes give sections of the axes and 
sometimes tbe relations betweeeu two sections. The advantages of Mil- 
ler's notations are very numerous : Chiefly it allows of representing every 
individual face; while Nanmann's and Levy's symlwls give only the 
form, i. e., tb© re-union of all tbe faces which belong together. When it 
is necessary to represent the whole form in Miller's system, tbe symbol 
of tbe lace is representeil in parentheses; it bas, therefore, the advan- 
tage, that, according as it is required, either the face or the form can be 
exactly and concisely designated. 

Miller's symbol is, besides, exceeding simple and convenient. Wbde 
bere three low whole numbers, 0, 1, and seldom 3, are sufficient, in 
Weiss's system three or four fractious, and three or four letters, in groups 
of three or four, are required, separated by colons : 



|ja:ft: (/5c| or ] Ja':a'; 2a': cj 

In Nanmann's, two fractions and a letter, with perhaps as many as four 
accents, as : 

2 1' CO or J 'P', : 2 
Levy's symbols are, in many eases, complicated, as in pyramids : 

(pt d} dk 
where there are three letters and three fractions. 

Nanmann's, and Levy's symbols are not symmetrical with regard Xa 
tbe crystallographic axes, i. e., while with Miller the first, second, and 
thini indexes refer invariably to the first, second, and third axes, it is 
never the case witb Nanmaun, and with Levy only in tbe most compli- 
cated cases (the pyramid of tbe second onler) that every axis is repre- 
sented by an index, and even in this case tbe signs of the axes change 
their position. Tbis symmetry of axes is important, because it makes 
both tbe transformation of the indices in changes of axes, as well as tbe 
calculation of zone-equations, exceedingly simjtle and demonstrative. 

Singularly enough, this aide of Miller's symbols bas been attacked be- 
cause in Nanmann's and Levy's symbols the difl'erence between pyra- 
mids, prisms, domes, and pinaeoids is app&reut. This is, however, 
extremely unjust. In Miller's system, in tbe symbol of the pyramid, 
there are three 0'« of different values. In the symbol of a prism or dome, 
an index is equal to 0; a piuacoid bas tbe symbol (1 0), (0 1 0), or 
(0 1), which contains twoO's, and is certainly a difference which strikes 
tbe eye. 

As opposed to the notation of Weiss, Miller's method, besides the 
> Whewvll, Fliil. TiuuH., iej25, p. U7. 
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brevity mentioned above, has the fnrtber advantage that, lostead of the 
symbol co, zero is used, becaiiBe the figures of both these systems are 
reciprocal. How great the importauce of this particular is in the calca- 
lation of zone-equationH will be immediately shown. On the faoihty of 
zone -development, however, depends the quick aod sure solution of the 
combination. 

The method of entablisbing a zone-e<iuation is, according to Miller, as 
follows : Given two faces, efg and p 5 r, the sign of the zone formed by 
both can be obtained by crosswise multiplicatiou and subtraction, as 
follows : 

efg efg 

XXX 

pg *• pgr ^ 

[fr-gq; UP-er; eq~fp] 

[m r w] 

[u I'w] is the symbol of the zone ; now, efg pqr are severally whole num- 
bers; the product8,/r, !;q, gp, , are, for that reason, likewise so; 

the same is therefore true of their difi'erences, which represent the in- 
dices uvw of the zone, 

If the face xi/z lies in the zone represented by [wrte], the similarly-sit- 
uated indices of face and zone multiplied, and all three added together, 
must be equal to ; 

• Hx + vp + wz^O 

A numerical esample makes the brevity still more apparent : 

abc 210 210210 

XXX 

pqr 1 11 1 I 1 1 1 1 

l.l-O.l; 0.1-2.1; 2.1—1.1 
1_0; 0-2; —2-1 

uvw flS*^] 1 2 3 

xyz 301 1. 3+2 . 0+3 . 1 =3-3=0 

The face 3 01, therefore, lies in the zone [1 2 Jj, produced by 2 1 and 
111. 

Let us observe the method of zone-calculation according to Weiss:" 
Given two faces — 



\ «a:t3b: 



I and 



which are already reduced to a similar co-efflcient of c The zone pro- 
duced is — 

{nc;a"a+^"b) 
therefore — 

*Wei8B, BcTlioeT acBdemiache Abbandlnugeii, 1820-21, pp. IG^ITS. 
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The values aa.\ ^jy, are therpforo negative wheu tbe axes o 
vbicli they staud, are primed (a'b'). 



e of tlie following propositions must be right: 



^,5"' + p" ) {a"'-\-a." \ 

Tbe simple inspection of this mctbod sbows how minute in detnil this 
method ia. In the first place, tbe Rjtubols of tbe faces, with respect to 
an axis, (in tbe above case c,) mu«t be reduced to siuiihir coefficients; 
then by multiplicatioD and addition, re-speetive subtrnvtiou and division, 
the valuea a" and (s" are to be determined. It is to be remarked that 
both the nnmerator aud the denominator of these quantities are frac- 
tious, which must be reduced to a common denominator. Tbe calcula- 
tion, it is true, [loe. cit., p, ICd,) can be simplified when tbe symbols of 
tbe faces are writteu — 



This, however, is using Miller's symbols, which are tbe reciprocals of 
Weiss's; and eveu then tbe calculation is more circumstantial, because 
the throe aymlkols are equated with reference to c, aud are uot symmet- 
rical according to tbe three axes. 

The steps of the calculation in the hexagonal system are still more 
incumbered, since, from a four-membered symbol a tbree-membernl 
parameter must be first calculated, aod then introduced into tbe previ- 
ously-developed calculation. 

Queustedt* employs these symbols in his so-called zone-point formulae 
Id a somewhat more convenient, altliongh in a much less coucise, man- 
ner than Miller. Let there be three faces — 

I wia : nil : cL \pa : g6 : c|, and la; a :ybz c\ 

whose tautozooality ia to be proved. For every pair of these the zone- 
point formulae must be written, aud tbe verification as to whether tbe 
zones are identical, made. Thus, for the zone — 



j wt fl : M 6 ic I to \pa iqb •.cj 



'Quenstedt, Mioeralugie, m63, p. 44. 
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The same must be done for tbe zone — 



J r " ■ xm 

my j.» vty xn 
from which, as a condition of tantozonality, follows the equality of twtli 
relations. Quenstedt and P. Elein* employ tbe zone-cootro) in this form. 
It is to be remarked that these zoue-poiot formuliE can be esseDtiaily 
simplified, because the denominators of both sides are alike; thus — 

Also, the condition — 

\q nj V»» pj \y «/ \w> *y 

But this equation ia much more complicated than Miller's. In our 
former example we had — 

210 = Ja : 6 : m c ; lll = a:6':c;301=ja:(o6:c 
Exchanging tbe axes a and c in all the three faces, iu order to be able to 
make the co-efBcieut of c equal to unity, which has no influence on the 
tautogonalit)', we have — 

ma % b : \c i a : 1/ : e ', a '. co&:^c 
or — 

ma : 2b : e ; a : V : c ; 3a : i/yb : e 
It follows that— 

1 _n . 1_1 l_t . 1_ , .1 _1 1_« 



by substitution— 



(-'-0'(»-0 = (»-D<"-D 



The proportion is correct, consequently the zones exist. The numerical 
values of tbe letters must here, also, be substituted according to the 
above-mentioned method, and the division carried out; while in Miller's 
method the very simple and symmetrical calculation can be carried out 
on the indices, without the help of letters, by means of the crosswise 
mottiplicatioii and subtraction of whole numbers. 

■ KluiD ; LwDh. Jatirb., \€1\, p. 460. 
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NaumaDn's metbod is still more circnitoas: first, Weiss's parameters 
must be calculated, and then tbey must be iutroduced into the equation — 

_1_ 4..J_4._1_ = ^_+ 1^+_L 
ab'c"^ befa"^ ca'b" ab"t/ Wc"a' ca"b' 

in wbich abc,a'b'c', a"b"c", represent the parameters of the faces. If 
these numbers contain tvro fi;;ure8, as is frequently the case in the bex- 
agonal system, tbere must be twelve muUiplicsttions, six divisious, aud 
tlie addition made. Tlie division must be carried out to four decimal 
places, and sometimes fartlier; wbile iu Miller's system the convenience 
of a calculation with whole numbers is always secured. 
- This circuitous course has caused the adherents of the schools of Naa- 
mann and Weiss, to this day, to use Quonstedt's method ; and tbey are 
contented with an approximative zone-veriflcation, while, since the fonu- 
dation of Miller's method, even the bepinner is both capable of and 
accustomed to verify every zone by meuns of the exceedingly simple 
calculation of zone>er|uations. In fact, Kolischarow,' in the year 18GC, 
again first called attcution to tlie zoneveriflcatiou calculation, which, 
since the publicatiou of Weiss, had been almost entirely forgotten ; von 
Rath,' Hesseuljerg,* and 0. Klein* followed, replacing the construction 
in specially -complicated cases by calculation. 

The use of the angle of the normal to the faces, instead of the iuterior 
angle of tho solid, is also important : in the first place, with respect to 
conveuionee aud co:cisenes8, while, as a rule, the interior angle is 
greater thuu 100^, and therefore contains three figures, the angles of 
the normals have, for the most part, two figures ; further, the augles 
measured at present with the refleeting-goniometer are for the most 
part angles of normals. In the simple evaluation of an angle with the 
eye even the sup|ilement is easier to estimate than the real angle, be- 
cause it is generally smaller. 

Tho most important advantage of normal augles is, that tbey can be 

immediately Introduced into the calculation. This is especially apparent 

fy jn tantozonal faces, in which, from two angles of every 

two out of three tantozonal faces, the third can be had 

by simple addition or snbstraction, (Fig. 1,) as — 

/"C <^ab + -^bc = <^ac, <Jao — <^ab =: <^bc 

bl-j/V, which is not the case with the angles made by the 

• I Mjo.^' " faces themselves. 

\^ In tlie determination of combinations a very quick 

orientation is furnished by this method. Lastly, only 

normal angles are suitable for introduction in spherical projections, 

where they themselves directly form the sides of the spherical triangle. 

■ Von Kobscliarow, Materiulien inr MJDeralogle RoBslaDds, 1866, p. 216. 
• Von Rath, Pogg. Anu,, ciiiii, 18G7, p. :t»8. 

" Hessenberg, Min., Not ii in Seacheab. Ges., Abb, vil, 1870, p. 259. 
lein, toe. ctf., p. 481. 
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This also shows one of the advantaRt.'S of the method of spherical pro- 
jections, which is entirely wanting iu Quensteiit's system. Since, further, 
]Uiller's entire method of calculation is based upon spherical trifrouoraetry, 
the illustrating figure is shown on the projection, which, therefore, at 
the same time represents the zone-connection of the form and the method 
of the calculation of the crystal. 

Spherical projection has, fiually, the great advantage of bein^ limited, 
so that the geometrical situation of all faces can he actually delineated, 
and cau be nuited in a comprehensive representation, » characteristic 
which is wanting both iu the gnomonic method and that of Quenstedt. 
In this way alone it is possible to use projection for the introduction of 
all the physical relations, which circumstance, on account of its increas- 
ing use, is a very important one. 

A reproiich, which, although perhaps not expressed, still is silently 
made against this metbod of projeolion, is that in its construction trian- 
gles and dividers are necessary, while with Quenstedt's method trian- 
gles alone are used. This reproach is, however, entirely without foun- 
datiou ; Ibr, in the first place, dividers are necessary for every exact 
projection, even if only the convenient form pi-ovided with steei points j 
but for general use both triangles and dividers are unnecessary, be- 
cause on account of the extraordinary simplicity of zone-calculation 
the adherents of Miller's system of spherical projection are accustomed 
to use it only for representing and not for investigating existiug zones, 
and they may therefore save themselves the trouble of making an exact 
drawing, unless tbey intend to publish. 

To the many advantages of Miller's method no one has yet been able 
to oppose a disadvantage. If, iu spite of this, it has not yet generally 
found its way into Germany and France, it is owing solely to the fact 
that in these countries Haiiy, Weiss, and Naumaun have taught; but 
vhen such completely independent theories are ofifered, the learner 
satisfies himself for the most part with the system which lias been ex- 
pounded ; or if he afterward goes beyond that, the system to which he 
was first accustomed is easier, and his knowledge of it more fuuda- 
meutal, so that he does not become acquainted with many of the advan- 
tages of the new sj stem. 

The introduction of the Wbewell-Miller principle was tried in Germany 
by Fraukenbeim, and in France by Bravais and de Senannont, without, 
however, any permaucnt result. Beceutly the young german school, on 
account of the prominence to which the physical examination of crystals 
has attained, begins to make itself master of detached parts of Miller's 
method. 

The purpose of the following pages is snmmarily to develop what is 
necessary for the solution of a combination, or for the knowledge of the 
physical nature of a crystal. We shall, therefore, in the first section, 
treat, according to Miller's method, the pure geometrical relations of a 
crystal, so far as they are requisite for the determinatiou of cooibi nations. 
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The second section treats of tbe possible systems of crystallization and 
tbetr correi^pondiDg relations of symmetry ; it is taken as an abstract 
from tUe work of vou Laug. Id tbe third section I fauve stiown how, 
with the fouiidatiou of tbe optical relations of a crystal iu general, the 
optical characters for each individual system of cryslallization are 
derived from their symmetry. 

SECTION I. 

the geometbical relations of crystals. 

§ 1. — Miller's Sitibols. 




It is well known that the situation of any plane is perfectly defined 
when its sections, o H, o K, o L, (Fig. 2,) of three straight lines, o X, o T, 
Z, which are not parallel, and which 
have a common origin, o, are known. 
These straight lines are called tbe 
axes ; tbe point .o the center of tbe 
axes ; the plane of every two axes, 
J- X o Y, Y o Z, Z o T, the planes of the 
axes; and tbe sections o H, oK, oL, 
tbe parameters of the face H K L. 

Becanse every axis considered ia 

regard to O has two sides, these are 

1 distingnished as tbe positive and 

negative half axes. For this reason the sections of tbe axes are used 

in the calculation as-\- o B.ot — o E. 

The lines joining every two sections of the axes of a plane,(H K, E L, 

L H,)give the intersection of the plane H K L with tbe three planes of 

the axes. 

If we multiply tbe three parameters of a face with tbe same number, 

the direction of tbe plane re- 

'^■^'^ 1 mains nncbanged ; it will only 

be moved parallel to itself, 

(Fig. 3.) 

From the equality of the re- 
lation — 




oH 



oK' 



0l/_ 



resDlts tbe similarity of the 
tnanglea KOL, K'OI/, &c. 
Bad from this tbe parallel- 
ism of H K L aud H' K' 1/. 
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If another foce, A B 0, is given, with the parameters o A, o B, o C, 
which we may call a, b, c, then — 



oA = a; oB = 



oC = c 



and the face H K L is determined when the relations — 

*-FB-rH' *-?K~^K' '-ar-^ 

are known ; so a third &ce, K' E' I/, is determined by its lelations or 
indices h' k I', in which — 



k=- 



oR" 



l' = 



n? 



S X, are ^ven, 



/>jf4 




We see, also, that if three planes, X o T, T o 2 
whose three lines of section 
represent the axes o X, o Y, 
Z ; farther, a foortb face, 
ABC,whoseBection of these 
axes is the measure of the 
length of the axes, any face 
in their direction is perfectly 
determined when its indices, 
i e., the relation between the 
parameters of A B C and its 
own, are given. 

The values ab c and the 
plane of the axes are constant for one and the same crystal. 

Respecting the indices A, ^ I, certain important cases are to be dis- 
tingaisbed : 

I. All three of the indices may be different from (o A, fc, I,) > o. This 
is the general case, and represents octahedral or pyramidal faces. 

II. One index, I, for instance, eqoals zero, l = o; the face h, k, o, is 
evidently paratid to the axis o Z, and we have — 

Becanse o s: c is constant, this fraction can only be eqnal to o if o L 
is infinitely great ; bat if the face E K o cnts the axis o Z at an infinite 
distance, it is parallel to it Thns, if ft = o, we have hoi, and if A = o, 
we have oklot the axis of Y, parallel faces with respect to X. These 
kinds of faces are called dodecohedral, prismatic, or dome-faces. 

ni. TwoindiceB>:oJ(: = I = o....lOOi I=A=o = 0l6; A = Jfc = o 

001, the face 100 has first the index }c = o, and is for that reason 

parallel to the above axis of Y, and also to the axis of Z, becanse I =o. 
This foce contains, therefore, both the axes of Y and Z. It is with them 
parallel to the axis-plane X o Z. We call sacb foces pioacoids ; they 
are those by means of whose section-line the positaon of the axes is deter- 
mined. 
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If the planes of the axes are parallel faces, XpY,Y oZ, Zo X,asthe 
laces ABO and H K L, vhich maj be real or possible faces of a crys- 
tal, experience shows that the indices k Jet of every possible face of this 
crystal are to each other as rational nnmbers. 

This lav, which ia the first fdndameatal law of crystallography, is 
called the law of rational indices; it is of the greatest importance, and 
allows of the derivation of the greater part of the other laws of crystal- 
lography. 

If the indices A ft I of any bee of a crystal are ration^, it is always 
possible to represent them by three positive or negative whole numbers, 
because the direction of a plane remains unchanged when its three 
indices are maltiplied by the same number. 

Experience shows ftirther that the indices- of the most freqneotly 

occurring faces are tdmost always the simplest whole numbers and 1, 

rarely 2, so that the calculation with them will always be very simple. 

5 2.— Law of Zones. 

The cousideratioD of the zones occnrring in a crystal is of the greatest 

importance for the determination of a combiuatiou. 

Two planes which are not parallel always cat each other, when dnly 
extended, in a straight line; all plaoeu, therefore, whose tines of section 
are parallel to the same straight line, belong to a zone, and are called 
tantozonal faces ; the straight line to 
which their lines of section are parallel 
is called the axis of the zone. (Fig.- 5.) 
Because the axis of a zone is parallel 
to all the faces of tbat zone, a plane, P, 
perpeudicnlar to the axis of the zone, will 
also be perpeudicnlar to all the faces of 
tbat zone ; and when a perpendicular to 
every zone-ftvce is erected, all of these 
normals will be parallel to this face P. 
This important characteristic of tan- 
tozonal faces, that their normals all 
lie in a plane iierpendicDlar to the zone- 
axis, we shall make nse of in the discnsaion of spherical projection. 
After the direction of the zone-axis ia determined by the section of two 
planes which are not parallel, it must be possible, ftvm the known ele- 
ments of these planes, to calculate for the indices anch valaes as will be 
characteristic for the axes of the zone produced by these planes. Let 
P (All) and <Hpqr)be the two planes, and let their indices be written 
twice, one over the other, and multiplied croBswiae, beginning with the 
second upper index h— 

h h I h k I 

XXX 

pqr pqr 

kr — lq; Ip — hr ; hq~kp 



J^J 



H 
A 


^ 




/ 

F 
It 

) 




) 1 F 



■e 
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SabtractiDg now the products obtfuned by mnltiplying tbe index right 
above with that left below, ftvm that obtained by multiplying tbe iodex 
left above with that right below, we obtain three whole numbers (u v w), 
which are either positive or negative, are determined for the zone F Q, 
and are called zone-indices. In order to distinguish these from the in- 
dices of tbe faces, they are Inclosed in rectangular brackets. 

The zoue-indices of a zone cotttaiaing more than two faces can be cal- 
culated &om any two faces of the zone which are not parallel. The 
same value is always obtained, abstraction being made of a constant 
factor of all three indices, with which we can always multiply all of 
them without changing the direction of the foce or line represented. 

If, now, a third face, E(a!ya),i8plftced in the above zone PO, we have 
a simple criterion, whose expression is produced irom the Uust that the 
zone-axis [P B] or [Q B] mnst have the same indices, even to a constant 
factor, as [PQ}. This criterion is the existence of the equation — 

UX+ vy + ujz=o 
If this equation is realized, all the three faces P Q B are in the same zone. 
If the symbols of two zones, [efg] and [uvw], are given, the symbol 
of a face (xyz) lying in both zones may again be fonnd by crosswise 
mnltipUcation — 

efg efg 

XXX 

« t; «' _ wp t^ 

fw—gv,-gu — eie; ev—fu 
In the same way as tbe zone-symbol from the indices of two faces. 

At the close of this section tbe most important special zone-laws and 
some examples of the development of zones will be given. 
§ 3. — Sphbbioaz. FfiOjBonoN. 

The method of spherical prqjection introduced by Naumann gives the 
simplest means of representing the opposite fiaces of a crystah It has 
theadvantageofshowing,even fy^g 
in extremely rongh executions 
of it, a representation of tbe 
zone-combinations of a crystal, 
and allows of tbe determina- 
tion of the indices of its faces, 
on the assumption of a primi- 
tive form, almost without any 




For this purpose let ns imag- 
ine that from a point o, in the 
interior of a crystal, <Flg. 6,) 
perpendicular straight lines, 
oa,o<if, ob,oc,o&,od,oe, 
be drawn to all of its f^tces. 



From the point d, as a center, let as construct a sphere of any radius, Mid 



244 



PRINCIPLES OP CBYSTALLOGSAPHT. 



F^J- 



produce the perpendicalars nntil they cot the sphere A A' BO CD £, 
&c., which are called the poles of the faces, which they meet. 

la this constractiOD, in which, for the sake of distioctDess, only the 
front side is drawn, we see immediately that the poles of tautozonal 
faces, A D B E A' for instance, lie in a great circle of the sphere, becanae 
the normals of taatozonal faces lie in a plane, which mast pass through 
o, from which point all the normals are produced ; a plane passing 
through the middle point, however, cuts the sphero in a great circle, 
which consequently contains the pole of the tautozonal faces. 

In order to draw a sphere containing the poles of the faces of a crystal, 
ve may select sereral different methods of projection. Of these the 
stereographic method, introduced by Miller, is the most conreuieDt. 
As plane of projection let us take, for this purpose, a plane pass- 
ing through the center of the 
sphere c, (Fig. 7) which, accord- 
ing to the above, cuts the sphere 
in a great circle, ABC; let us 
draw a diameter of the sphere, 
O 0, perpendicular to this, 
whose extremities, O and 0, are 
90° from every point of the 
* principal circle, so that the 
lower pole O shall be the point 
of sight; let us now join by a 
straight line every pole of the 

sphere ABCDEF with 

the point of sight O. The inter- 
sections ABcde/. . . . of these 
straight lines with the princi- 
pal circle give the stereographic pKgection of the pole A B D. 
In general, the principal circle will be taken perpendicular to the faces 
of a zone, so that the projection of tbem 
poiuts of the faces will be the periphery 
of the circle. 

The most important peculiarities of such 
a projection are the following : 

1. Every circle will be projected on the 
J sphere, either as a circle or a diameter. 

2. Every great circle will be projected on 
/ the sphere as an arc, which cats the prin- 
cipal circle in the extremities of a diameter 
of the zone, CH'as a diameter itself. lusuch 
an arc, for that reason, also, the poles of the 

tantozonal faces lie, as, for instance, A e/ A'; BdeB'; Bo/B'j Ad«A'. 

3. Let every point, P, which, on the sphere, is at 90° firom all points of 

this drole, be the pole of a zoue-circle, H K, (Fig. 8,) which is alao tiie 
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projection of a face perpendicular to the zone-faces. The proposition 
obtains that the normal angle of two faces, H and K, is equal to the are 
h k, which is cut off iW>ni the principal circle by the straight Unes P H 
and P K produced. 

From these three characteristics all the laws for the constmetion of 
etereographic projection are derived. 

It is imniediateiy apparent that the normal angle of all faces projected 
by i>oiuta on the principal circle are determined by the arcs contained 
betwecii the poles; that all zones passing the center of the main circle 
will be projected as diameters; fj^jj 
that, fnrther, the pole of such a 
zone falls again iu the principal 
circle, and will be on one of the 
estremitiea of the diameter per- 
pendicular to the zone. 

If the projection of a pole, P, 
(Fig. 9,) is given, and that of the 
opposite face parallel to it sought, 
it is at once clear that it must lie 
outside of the principal circle. If 
a zone is determined by F and the center, o, of the main circle, the oppo- 
site i>ole P' must be in the same zone, because every zone in which a 
face lies must also contain the opposite face which is parallel to it. Iu 
the zone P O we hare now only to look for the point at 180° from P iu 
order to determine P'. For this purpose we must, according to the thinl 
characteristic of projection mentioned above, draw from one of the 
points R or Q, which, as before, represent the pole of the zone P O, the 
point R for instance, a straight line, BPj), to its intersection with the 
principal circle; find the point j/ 
of the principal circle, which is, r-^.'t 
at the required angle, 180°, from 
p; and then draw a straight line, 
Bp'P', whose section with the 
zone P O gives the pole opposite 
to P. 

If two poles, PQ, (Fig. 10,) be 
given, and the zone passing 
throngh them be sought, we look 
for the opposite pole of one of 
them, P' for instance, which in 
any case must lie iu the zone P Q. 

Throngh the three poiuts P Q P' we draw, according to the known method, 
(erection of a perpendicular in the middle of a line joining any two 
points,) an arc, which represents the required zone. 

In order to find the pole of a given zone, B, (Fig. 11,) we must con- 
aider that it mast be 90° distant from every point of the zone-circle. If, 
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now, 0,D are the points of section of the zone with the main circle, 
we draw the diameter G D and a perpendicolai to it, E F, and it is clear 
that the pole soaght for mnst lie in the zone E F. Since, now, it mast 



figJI. 




be 90° distant from every point of the 
zone, and therefore also from B, while 
the pole of the zone E F is one of the 
points C or D, we draw the straight line 
C B r and C Vp, so that the arc rp = 90°, 
and thus find the pole p of the zone 
* OBD. 

Tfaus,alt the expedientsare given which 
are necessary for the constructiou and 
nse of the projection ; in general, the sim- 
plest of these are sufBcient, especially 
while in this method of projection we do 

not aim at the greatest exaotitnde attainable, bat only a presentable 

representation of the arrangement of the faces. 

As a close of this section we shall give some special modes of the 
laws of zones, and an example of a complete development of them. 

1. Zone passing through two pinacoids— 

100 100 

010 010 

0.0— I). If 0.1 — 1.0; 1.1—0.0 
1 

[OOlj is the symbol of the third pinacoid. If a face, % lei, lies in this 
zone, so mast— 

A . o + fc . o + 1 . 1 = 
also, 1= 1, the general symbol of a face lying in the zone 100.010=- 
[001]isftit«. 

2. Zone passing through a pinacoid and any face : 

Kkl hkl 

100 100 

k.o—l.oil.l—k.oj h.o—k.l 
o I I 

. If a third face, xyz, lies in the zone [o fTc\, so must— 
IX .o+y. l—k.z = o 



If. therefore, a zone passes tbroagh a pinacoid, the relation of those two 
indices, which, in the symbol of the pinacoid, are o, is cousteut for all the 
faces of this zone. 
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3. Tbe caws given under tbe second and third rules are epecial cases 
of a more general ODCj and, certainly, two given faces, {kkl) and (pqr], 
in which — 

can always be so represented than their symbols have the form (euv) 
aud {X u V), because tbe three indices of a face may be mnltiplied by the 
same number without changing the symbol. 
For the zone we have — 



xuv xuv 



. u: V . X — e .v; e .v 



vix~e); u{€ — x) 
or, if we divide the three zone-indices by (« — c), [Ovu]; 
lies in this zone, if— 

o. r + v . 8~u . t = o 



Let any two faces of a zone be represented by the symbols (xuv) and 
(e u v), or, generally, let them have two similarly-situated indices in both 
faces with like relations, all tbe faces of this zone will be represented in 
the form (puv). 

That tbe second law comes also ander this'bead is clear, because the 
relation - is indeterminate, and therefore can answer to every value. 

As an example of development by zones, we have chosen the crystal 
represented in Fig. 12. Because we assume that there are no meaaure- 




meota, but only the data of the zones, we shall presume, in the projec- 
tion, (Fig. 13,) that it is triclinic. In this projection we record the faces 
in the order in which they are to be determined. 
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Let the zones to be determined be — 
(man; bdce; afe; apd; bpfq; cspm; dafn; cq»; aqe 
The existence of these will be seen principally from the parallelism 'ol 
tlio respectire edges. Where there is no real edge, as is the case in the 
angle a q, the hypothetical zone-axis can be found by taming the crystal 
round. All faces which, in taming ronnd the same axis, reflect the 
light are taato zonal. 

In order to determine the combination, it is first necessary to select a 
systeHi of axes. Regard will be bad to tbe real or apparent symmetry ot 
the crystal, in this way, that when a system less symmetrical in com- 
pleteness and inclination of the faces approaches' ooe of higher sym- 
metry, .this analogy is retained. 

We select three faces, a be, for the planes of the axes ; their lines of 
section give the crystallographic axes. We project these in sach a way 
that the zone a bis contained in the principal circle. 

The exactitnde of the relation of the angles makes naturally no dif- 
ference, if it is only a qnestion of the solation of the combiuatioo. The 
faces are introduced into tbe projection in the order in which they are 
to be determined, first a be. < 

The faces ab e then are designated by the symbol belonging to the 
piuacoids, 1 0, 1 0, 1. 

In order to fls a ground-form, we have yet to determine the relations 
oftheaxes; this, according tothe relatiouofj), maybe (1 1 1); the axet»- 
sections of tbe face p give 'also the value o A, o B, o 0, from which the 
parameters of every other face will be determined. 

That tbe indices of p must be 1 1 I follows from the equation (p. 9) in 
which tbe indices of a face are determined, as — 



. o A . B , oC 

*-^'*-^' '-n: 

Substituting the section oA, o B,oC, in this equation, we have — 
h=k=t= 1 

After the outline and the axes of the crystal are determined, the 
drawing of the faces can be developed. 

Determination of m. m lies in the zones bman and e....pm. In or- 
der that a face may lie in the first zone, it is a necessary and sufficient 
condition that it has the symbol hko, that is, is parallel to the axis o, 
as also follows from tbe derivation of the zone-equation. 

For the second zone we have the condition — 



because, as we have seen, the equality of tbe same index-relations, in 
two faces of a zone, determines their equality for all the faces of that 
zone; thus — 

h_l_0 
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This resolts also from the zoae-eqnation — 
111 111 
OO.I 001 

1 .1-0.1; 1.0-1,1} 1,0-0.1 
wLich gives [1 T 0] as the zone-eqaation, or— 

l.x — l.y + O.z^O ora! = y 
as condition of the tautozooality of a face, xyz, with 001 and 111; the 
symbol oimhko becomes changed under these circamstances into (1 1 0). 
In the sasae way the positioa of d, in the zones bdc and ap d, is deter- 
mined. The first zone giTes,as condition, the first index as eqnal to 0,it is 
thns oh I; the second gives the eqoation of the second and third index — 
fc_l _0_, 
I 1 
and therefore the symbol (0 1 1). 

Finally, the face/is determined in the oame way by the zone afc, as 
ko ly and by the zone b pf, as 1 1, because — 



Thns it is to be kept in view that the quotient - may have any rational 

value which is first fixed by the two faces. 

For the face n we have the zone & m a n, by which we get the symbol 
k ho and dfn; for the last we have — 
Oil Oil 
101 101 

1 . 1-0.1; 1.1-0.1; 0.0-1.1 
or [1 11]; also as condition — 

A.l + it.l-0.1=0orft=-i 
This condition is satisfied by 1 1 and T 1 0, of which the firiit is the 
symbol for the'face in front, aud tbe last for the opposite one behind. 

For the determination of g we have the zonescgn andrfji/g; tbe 
first ^ves, when hlclis the symbol of g — 

the last — 

l=H =""'*"' 

which, when contracted, is 1 1 1. 

The face e lies in the zone 6 d o e, wherefore h = o ; and vaaqe, for 
which reason— 

^- _ --^ _ _ , 
( 1 o" 
e has thns tbe symbol (0 1 1), 

There remains 8 in the zones mj) «eand AsfnXo be determined ; the 
first zone gives — 

A_l 1 
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or tbe geueral Byinbol khl; and has [1 1 IJ for its zooe-iiidex, so — 

h + h-l = 0oT2h = l 
vbicb couditioD is astisfieil by (1 1 2). 
Thus the collective forma of this combination are detennined. 
There certainly may be cases presented where the existing zones do 
not saffice to determine all the faces of a oombinatiou ; these cases are, 
however, rare, and occur in very few instances. 

Instead of tbe above selection of a face, (111), determining the collect- 
ive relations of tbe axes, two domes in two pinacoid zones conld very well 
be used, as 1 1 0, in which a : b, and 1 1, by which a : t^ is determined. 
In the simpler and often recurring faces, as we have seen above, even 
the very simple calculation of the symbols from two zone-symbols, by 
crosswise multiplication, is superdoous, because at least the conditions 
for it, in a zone, can be at once expressed in the general symbol of the 
face, so that by substitution in tbe equation— 
hx+ }cy+ lz = 
the indices hkl are fully determined. 

SECTION n. 
symmetry op the systems of crystallization. 
§ 1.— Dbeivation of the System from the Law of Eational Indices. 
The rationality of the indices is, for tbe possibility of a face of a 
crystal, as we have said above, not only a necessary bnt a sufficient 
condition. It is, therefore, a possibility of every face whose indices are 
rational numbers. A collection of faces, therefore, which is to obey the 
law of rational indices must ^so answer to all the conseqaencea which 
in mathematics follow from this law. 

The canying-out of this deduction, which can here only be announced, 
leads DS to the different elementa of symmetry, and especially to the 
consideration of planes of symmetry. 

A plane of symmetry has the pecoliarity that its physical relations 

are equal on both sides of it 

Tbe Identity of the physical peculiarities of two faces or lines is also 

/^jso. determined by tbe similarity of their position with 

I respect to the plane of symmetry, and this condition 

is really fulfilled by two planes when they are tau- 

togonat with the plane of symmetry, and are so sit- 

aated with regard to both sides that they form like 

anzles with them, (Fig. 13a, where the angle P : Q = o^ 

and P' : Q = ^ are equal to each other.) Two linea, 

A and o B, (Fig. 13b,) satisfy tbe condition if they, 

with respect to the plaue of symmetry P, contain a 

similar angle; and if a plane, B, at right angles to the 

plane of symmetry can be passed through, then arc A = arc C B. 

The derivation of the crystalline system is as follows : Let two possi- 
ble £aces of a crystal be taken which are symmetrical with respect to a 
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plane ; it is to be determioed if symmetry wltli regard to auotliar plaae 

does not follow from it ; given a zone, which is symmetrical with respect 

to one or more faces, «. e., that for every 

face of the zone there is also a possible ■'^■'^*- 

one which will be symmetrical with it^ 

it is required if from thi8,symmetry in 

other directions does not follow, i. e., 

if for every possible face of tlie given ^~ 

zone another face is not also possible, 

with ffbicli, according to presuuption, 

the zone sought for ia parallel. 

The criterion of the possibility of a face is, therefore, always the ra- 
' tiouality of its indices. Proceeding in this way, we recognize that only 
that reiiiiioo of faces is, crystallographically speaking, possible, which, 
by the unmber and position of their planes of symmetry, belong to one 
of the seven characteristic crystalline systems. By plane of symmetry 
of a crystal we understand a plane in relation to which all the possible 
faces of a crystal are symmetrical, so that for every possible face of a 
crystal there is another which, so far as the plane of symmetry is 





cerued, is symmetrical with it. It is therefore apparent, that only the 
following combinations are possible : 

1. So plane of symmetry existing Teiclinic system. 

2. One plane of symmetry, B, (Fig. 14) MONOOLINIC STSXEBL 

3. Three different planesof symmetry at right angles to each other, 

A, B, C, (Fig. 16) Rhombic (oethoehombic) system. 
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i. Three tautozonal and simUar planes of symmetry inclined to each at 
angles of 60° and 120°, A A' A", (Fig. 16), Bhoubohedbal system. 
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. Five planer of symmetry, of which fonr are tautozonal and Inclined 
to each other 45° 8Dd W^, every two 90° apart sitnilar, A A', 
A' A", (Fig. 17.) The fifth, C, at right angles to all the others, and 
not similar Tetragonal system. 

. Seven plaues of symmetry, six of which are tautozonal and inclined 
30° and G(P, every three 60° apart, similar, AA' A", B B' B", (Fig. 
18.) The seventh, C, at right angles to all the others, not 
similar Hexaoonal system. 



FiS-ia. 
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7. Nine planes of symmetry, three of wfaicfa, A A' A", (Fig. 19,) are at 
right angles to each other, and similar. The other six, similar to 
each other, B B' B" . . . . B', intercalated between every two tantoz- 
onal A, and at an angle of 45°. Tessbbal (isometric) system. 

§ 2. — Characteristics of the Systbus. 

From the above statement of the relations of symmetry in each cryst^il- 
line system we shall next derive the single faces belonging to each form 
as well as the most practical method of selecting the axes of the crystal. 

For axes we may select any three edges or zone-axes which are formed 
by three possible faces of the crystal not taatozonal with each other. 

We shall, however, on acconnt of the existence of planes of symmetry, 
so select the axes that, wherever it is possible, they are placed sym- 
metrically to the planes of symmetry, by which we shall at once see that 
all the faces of a form will take the same uamerical indices, but arranged 
iu different orders. We understand by form the combination of all those 
laces which are symmetrical with each other, according to the planes of 
symmetry of the given crystal, and which, together, possess the same 
physical peculiarities. 

With regard to the selection of the axes, we only remark that it ap- 
pears necessary, on theoretical grounds, which were first develo(>ed by 
Frankenstein, so to select the axes that every acute axis-angle shall be 
greater than 6<P, and that every obtuse one shall be less than 120°, 
which is always possible. 

1. Teiclinic system. — No plane of symmetry. The choice of the 
axes is arbitrary, as also the face 1 1 1, by which the plane of the axes 
is determined — 
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Five elements are ondetermiDed, two relations aDd three angles of the 
axes. Because no plane of e;mmetry exists, a siogle face, h k I, (Fig. 20,) 
with the one parallel to.it, cooBtitntea a form. It is only necessary to 
consider this analogy in the selection of the axes, where there exists a 

f}fSO %"■ 





similarity in the augle and in the composition of the faces, with a more 
highly symmetrical system, as the monoclinic or orthorbombic 

2. MoNOCLiKlo SYSTEM. — One plane of symmetry, B, (Fig. 21.) We 
Brst select this plane as one of the planes of the axes, especially for the 
plane XZ, so that it takes the symbol 010. For every face, kkl,& 
second one is now possible, which, with it, is placed symmetrically with 
regard to the plane of symmetry OIU, and, therefore, as is easily'seen, 
takes the symbol hkl. These two faeea, with Chose opposite to them, 
coustitnte together the general form of the monoclinic system. A zone- 
axis is determined by every two such piurs of faces, which, as is easily 
perceived, must lie in the plane of symmetry, becanse 010 lies in the 
zone [[hkl) (A £ {) ]. If two such zone-axes are taken for the axis of X Z, 
it is at once clear that the angles of the axes will be — 

XT = C = 90O; YZ = e = 90Oi {XZ = rj)%90o 
A fonrtb face gives the sections of the axes a^b^ c, and we have in 
this system three unknown elements, two ratios, and one angle of the 
axee. 

3. Obthobhohbio aYSTEM.— Three planes of symmetry, ABC, (Fig. 
22,) at right angles to one another, which ^^ 

we select for the planes of the axes, with ^'^ '^ 
the symbols 1 0, 1 0, 1. The three 
axes will, for this reason, be at right an- 
gles to each other, and we have now, by 
means of a fonrth plane, to determine 
their lengths, so that — 

In this system we have, therefore, two nn- 
known elements, - , - } the fonr &oe8, 

hkljKklfhkljklil, with their opposites, are similar, so Cbat the general 
form is an eight^sided rhombic pyramid. 
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Witfa regard to the selectioa of tfae three pioacoids, there may be s 
namber of assnmptions. Grailicb and Lang take a'>b> c; Schianf 
selects, in snbstances which can be optically examined, 001, per[>endic- 
tilar to the bisectrix, 100 and 1 0, so that a > & ; other authoi's follow 
no principle, bnt take the first method of exhibition. 

4, BaouBOHEDBAii 8TBTEU. — ^Thrce pianes of symmetry, A A' A", 
^y jj ;^^ (Fig. 23,) which are tantozonal, similar, and 

Inclined to each other at an angle of 60°. 
In this case it is not admissible to select 
\ „, the planes of symmetry for the planes of 
the axes, becanse they are tantozonal. In 
I order to observe the symmetry of the 
' method of notation, we select for the planes 
of the axes three faces of the crystal which 
/i(» are symmetrically sitnated with regard to 
the planes of symmetry, and so constitate 
a form. The faces 100, 010, 001, mast 
be perpendicnlar to every plane of symmetry, becanse only one snch 
form, composed of only three faces with tbeir opposites, exists; every 
other one is composed of six or of tw^ For the determination of the 
planes of the axes we select a face, as 111, which is at right angles 
to the zone-axis of the planes of symmetry, and is couseqnently simi- 
larly inclined to the three planes of the axes. Therefore — 

a = ft = c; (f = i! = C)^90o 
A single dimension, tbe angle of the axes, is nndetermiued. 

The three planes of symmetry have the symbols 10r=A; OlfsA'; 
110= A", Tbe symbol of each, with tbe faces tantozonal to the plane 
of symmetry, which are prisms according to tbe general notation, thus 
deviating from nsage in the other crystalline systems, is liable to the 
condition h + k + l = o, becanse tbe symbol of the zone of symmetry is 
[1 1 1]. The other forms are scalenoheilrons, which is the general form 
of this system, with six foces, ItJcl, (Fig. 23,) and their opposites ; rbom- 
bobedrons, whose foces are per{>endica- 
lar to every plane of symmetry; the 
base 111. 

It is plain that the axis-angle ? is equal 
to plane-angle of the faces at the vertex 
■ of the primitive rbombohedron, (100), 
5. Tetbaoohax systrh. — Foar tan- 
tozonal planes of symmetry inclined at 
an angle of 45° to each other; eveir al- 
ternate two, A A', BB', (Fig. 21,) simi- 
lar; a fifth one, 0, perpendicnlar to these, bnt not similar. For pliutes 
of the axes we select two similar planes of symmetry, which are perpeo- 
dicnlar to each other, B A A', and the single plane of symmetry, 0, at 




,,Goo^^lc 



PRINCIPLES OF CET8TALL0GEAPHT. 255 

rightangles to it, and finally 00 las plane of XY. For the determina- 
tioD of the leugtba of the axes we select a face, 111, perpendicular to 
one of the intermediate planes of symmetry. We tbns have the ele- 
ments — 

Tbns we have only one anbnown qaantity, f . The intermediate plane» 
e 
of Bymmetry have the symbols 110, 1 1 0. The most general fonn is a 
pyramid of sixteen faces. The similar faces of kJcl may be seen in 
Pig. 24. 

6. Hexagonal systeh.— Seven planes of symmetry, six of which 
are tantozonal and inclined at an fi^ss. ^^ 

angle of 30° j every other one, 
A A' A", BB'B", (Fig. 25,) simi- 
lar ; and the seventh, which is at 
right angles to them, not similar. 
We might here have selected for 
the planes of the axes three planes „ 
of symmetry, aa G, and two others 
from the zone, symmetrical to the 
planes of the axes, bnt the sym- 
metry of the notation woald tbns 
be lost. We select, therefore, as 
in the rhombofaedric system, three 
alternate faces, of a form perpen- 
dicular to the six planes of sym- "* 
metry, for the planes of the axes 1 0, 1 0, 1. We determine the 
length of the axes, as in the rhombohedrio system, by the face 111, 
which is perpendicalar to the axis of the zone of symmetry, by means 
of which we get, as before — 

a = b=.e; [S - v = Z) > 900 

Becanse in particnlar valnes of their elements there is no difierenee 
between this and the rhombohedric system, they are often united, which 
is contrary, however, to physical laws. 

Id this system it is no longer possible to represent the anited facps of 
a form with the same indices with regard to the symbols of the planes 
of symmetry, as 101, Oil, 1 10, it is for the primary 1 1 2, 121, 211; 
for the secondary planes, B B' B", whose sign follows from the zones, 
we have, for the faces e/g, belonging to those lying opposite to ft It, the 
determinative eqaations — 

c= ■~h+2k + 2l 

/= 2 A- k + 2l 

g= 2&+2il:- I 

The most genend form of this system is a twenty-fonr-foced pyramid, 

tlie half of whose faces, as is seen on Fig. 2S, are represented by t^e 
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symbols hkl, aod the other half by e/g. The forms of this system an 
generally pyramids of twenty-foar fitces, two orders of twelve-faced pyra- 
mids, nhose faces are perpendicular to the principal section, prisms of 
twelve faces, two orders of six-faced prisms, and the base. 
7. Tebsebal (isohetbio) btbteh. — Nine plaoes of symmetry, three 
of which, A A' A", (Pig. 26,) 
are similar and at right an- 
gles to each other; tbeotheis 
tantozonal in purs, with an 
A intercalated between each 
two, B . . . . B^, at an luigle 
of 45° to them. We select 
the three which toe perpen- 
dicular to each ottier for the 
plane of the axes, and deter- 
mine the length of the axes 
by the face 111, which lies 
in an intermediate zone; we 
thns have— 
a = b = o; f = ij = : = 90o 
The five elements are determined. 

The most general form, hil, consists of forty-eight faces, whose dis- 
tribution is shown in Fig. 26. 

Ill the previous development only the most general form, AJbI,faas 
been considered ; it is, however, very easy by specializing the symbols, 
as by an equation of two indices, for instance, or by conditions which can be 
conceived in the projection, to represent all the forme of a system by 
the number and signs of the faces. 

We wish, for example, the symbol of the &ce8 of the six-sided, the 
twelve-faced pyramid of the hexagonal system. Their symbols result 
from the relation of the zones. On the other hand, a simple inspection 
of the planes of symmetry of this system shows that a foce occoiring 
in the zone [ (1 1 1) (2 1 1) ] has on the upper side five similar faces. Thus 
it results that the symbol of the opposite rhombobedron, similar to the 
primitive rhombobedron, is (122), according to the formala, (p. 22.) 
Partial forms have not been included in the above representation, any 
more than the researches on the symmetry of lines aod planes, which 
will be given in another place. 

SECTION m, 

OPTICAL BELATI0N8 OF CBTErTALa 

§ 1. — Double Befbaotion asd absobptiok. 

It is known that in media of equal density thronghont, also in onciys- 
tallised media, a ray of light moves in every direction with the pteaem- 
tion of its condition of vibration ; that, further, its velocity of laropagatioa 
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is only dependent on the color of the beam of light, and on a factor 
whicb is conataut for the entire medinm, and Dot from tbe direction in 
Thich it moves. 

If, therefore, a beam of light, nnder any condition of vibration, enters 
such an isotrope medinm, it can very easily, taking into conaideratioQ 
its angle of incidence, change the direction, and, taking into considera- 
tion its color and molecular constants, the velocity of its propagation ; 
the condition of vibration, Lowever, remains constant. The condition of 
vibration of the beam of light is said to be completely polarized, partially 
polarized, or onpolarized, according as tbe whole of the light or only 
part of it vibrates in a constant path, or th is conrse takes in an infinitely 
short space ererj- possible transversal position. In the first case, vbere 
the whole light has a constant patb of vibration, we aay again tliat the 
light is i>olarized in a straight line, circolarty, or elliptically, according 
as tbe path of oscillation is a straight line, perpendicular to tho direc- 
tion of propagation, a circle, or an ellipse. The movement of tbe tight 
in an isotrope medium is, therefore, dependent on that of the incident 
light, the angle of incidence, and a molecular constant. 

In a crystallized mediam, in which the density can be supposed vari- 
able witli the direction, only two beams of light of a determined velocity 
of propagation for each color, and determined direction of vibration, 
can, in general, be propagated in any determinetl direction ; on the con- 
trary, a beam of light entering a crystalline medinm will not only be 
deviated from its direction, bat separated into two divergent beams, 
each one of which, according to its direction in the crystal, will have 
variable velocities of propagation and direction of vibration. 

Juiit as the intensity of the light is weakened by its passage through 
an isotrope medium, and has diEFerent strengths for different colors, so 
is it the case with crystalline media, only here the aneqnal absorption for 
different colors depends on the direction in the crystid ; the same is here 
true as of the manner of vibration and the velocity of propagation. 
The same direction in a crystal corresponds thus to two determined 
beams with determined velocities of propagation, direction of vibration, 
and absorption j and a ray of light entering a crystal is divided into two 
beams of determined bnt diflerent directions of propagation, velocities, 
directions of vibration, and absorption. 

J 2. — The Ellipsoid of Pdlabization. 

Tbe law according to which the whole movement of light in a crystal 
ia determined can, so far as is necessary lor oar present purpose, be 
enunciated as follows : 

In every crystal an ellipsoid with three axes can be constmcted in 
Buch a way that the velocity of propagation and tbe direction of vibra- 
tion of the two rays of light, which can move in a fixed direction in a 
crystal, may be determined by the major and minor axes of the ellipse, 
irhich are formed when, from the center of tbe ellipsoid, a plane is passed 
17 b 
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perpendicnlar to the given directioa of propagatioa of both of the beams, 
and tbis prolonged to its section with tbe ellipse. 
Let o A, B, o C, {Fig. 27,) be the principal axes of the ellip- 
^^;7_ ft 8oid, at right angles to each 

— other; S o, the direction, 

passing tbroagb the center, 
in which the two beams of 
light sboold move. Let ns 
pass through O a plane per- 
|c pendicnlar to o S, which cnts 
the ellipsoid in the points 
M N o M', which i>ointa be- 
long to an ellipse whose ma- 
jor and minor half-axes are 
o X and o T ; of these two 
beams, propagated in the di- 
rection S 0, the one bas tbe direction of vibration o X aod the velocity 
of propagation -, and the other O Y and ^. 

The situation and tbe length of tbe principal asis of this ellipsoid are, 
in general, different for every color. The absorption of tbe light in any 
direction can also be determined from the principal axis. With the co- 
efQcient of absorption of the principal axis we can again coustract an 
ellipsoid whose axes correspond to those of the ellipsoid of polarization. 
The co-etBcient of absorption for tbe two rays of light corresponding to 
a direction will be determined sometimes by tbe ellipse-section and 
sometimes by tbe absorption -ellipsoid ; the major and minor axes of tbis 
ellipse, it is true, do not coincide exactly, bat they dq approximatively 
with those of the direction of vibration. 

Id the most general case, which we shall first discuss, the three axes 
j5 jjy ^ of the ellipsoid are of unequal 

' 1 ■ '— lengths; they will be called 

axes of polarization or of elas- 
ticity ; by tbe last is also spe- 
cially understood their recip- 
rocal lengths, as — 

a = J-;6 = J-;c = A 
oA' oB' oO 

in which a > & > c is chosen ; 
hence the distances o A, o B, 
o 0, are themselves propor- 
tional to tbe principal quotient 
A' of refraction. 

A plane of tbe axes containing two axes of elasticity is called the 
principal section, and is perpendicnlar to the tbird axis. 
A plane paralld to one axis, as o C, (Elg. 28,) cuts the ellipsoid id an 
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ellipse, C P C, oue axis of wbiob coiocides with the knowD axis of elas- 
ticity, and tlie other axis, o F, ia perx>eitdicular to it in the priucipal 
sectioD A B o, 

A plane ilLlSo, (Pig. 27,) inclined to all three of the aies of elasticity, 
cnt8 the ellipsoid in an ellipse, whose axes are not parallel to any of the 
axes of elasticity. In general, a > 6 > « is troe in the principal section 
A o C, (Pig. 29,) whenever 
there is a radina, Oft, whose 'V-W 
length ia equal to the mid- 
dle axis of elasticity, O B. 
If a plane, B o fr, is passed 
throTigh this last and this 
radins, their aection of the 
ellipsoid is a circle; the 
normal o a to this circle- 
face lies in the principal 
section of the largest and 
smallest axes of elasticity, 
o A C, and Is called an op- 
tical axis. This ellipsoid, 
which has three axes, has two optical axes, o a and o a', (Fig. 29,) which 
are in the planes of the greatest and smallest axes of elasticity, and are 
situated symmetrically with regard to hoth. 

The optical axes form with each other two siipplementary angles, an 
acnte, 2 Y a, and an ohtnae, 2 T o, so that 2 Y a = 180° — 2 Y o, which 
are eqnally divided by the axes A and C ; that axis which divides the 
acute-angle axis is called the firgt middle line, fbiseeirixj and the one 
which divides the obtuse-angle axis is called the second middle line, so 
that two cases are again possible : 

Pirat middle line ^ second middle line c : negative crystal. 

First middle tine ^ second middle line a : positive crystal. 

The first case is assumed in Fig. 29. Fig. 30 shows a sketch of the last. 

According as the nature of doable refrac- /b j^. 
tion consists in a difference of the velocity 
of propagation and of the direction of vi- 
bration of the two beams of light capable 
of being propagated tn the same dii-ection, 
it is at once clear that the donble refraction 
mast disappear along the optical axes. The 
plane normal to a beam of light, that is, the 
one which propagates itself in the direction 
of an optica] axis, cuts the ellipsoid in a 
drcle; the velocities of propagation of the 
beams of light given by two radii are eqnal 
to each other; the directions of vibration are undetermined, t. e., remain 
auchanged,aa they were before their entrance into thecryatalline medium. 
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If a crystal has a plane of symmetry, it most coiDcide with a princi- 
pal section of the ellipsoid for every color, because an ellipsoid with 
three axes is symmetrical only in its principal sectioDB ; this coincidence 
mnst not, however, occar in the same principal section for every color; 
thus, for red light, b c, a^A for blae light, a e, may fall in the plane of sym- 
metry. If two axes of elasticity of the same ellipsoid ar« eqoal, their 
principal section will be a circle, and the two axes become I'edaced to one ; 
if, for instance, the third axis of elasticity is perpeodicalar to tiiis principal 
section, the ellipsoid is an ellipsoid of rotation. The sections of snch 
an ellipsoid, with a plane, are either perpendicular to the optical axis, 
section a circle, no double refraction, direction of vibration nudetet- 
mined ; or parallel to the optical axis, section an ellipse, one axis of which 
is the optical axis, the other baa a constant valne, wbich is that of the 
axisof elasticity originating in the circle; oTtnclijied to the optical axis, 
section an ellipse, whose axes aoe inclined to the optical axes. Ellipsoids 
with a single axis are of two kinds, lengthened or flattened, accordingaa — 

6 = c ; ^ the optical axis ; negative crystal, (Fig. 31.) 

a = b} ^ the optical axis ; positive crystal, (Fig. 32.) 





If all three of the axes of elasticity of the ellipsoid are eqaal to each 
otber, it becomes a sphere ; every section by a plane will be a circle; all 
the axes of such a circle will be eqnal to each other. Such a crystal ia 
monorefriogent, and has no determined direction of vibration, that is to 
say, the direction of vibration of the beam of light entering the ci^stal 
remains the same. 

As has been already mentioned above, the relations of absorption in 
the whole crystal can be determined if they are given for the three axes 
of elasticity. If we construct an ellipsoid from the three principal ab- 
sorption-constants (for a determined color) as axes, we find, exactly as 
in the ellipsoid of polarization, the amount of absorption for a given 
direction in the crystal by passing a normal plane and determining tbe 
axes of the ellipse-section so produced. 
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5 3. — Optical Relations of Plamb Plates whose Sides are 
Parallel. 

We shRll first consider the relations of plane plates of crystals whose 
sides are parallel, in straight-lined parallel light and perpendicular Inci- 
dence. Let the entering beam of parallel straight-lined light polar- 
ized by any means, snch as a nicbol prism, heropathite, or a plate of 
tonrmaline, fall perpendicularly npoo a plane plate of the crystal whose 
sides are parallel. In conseqaence of its perpendicnlar incidence, for 
we can treat parallel light always so, the beam of light enters the 
crystal without deviation; in this defined direction only two beams, 
whose direction of vibration is determined according to § 2 of this sec- 
tion, can transmit themselves in tbe crystal, because we bring the plane 
of the plates, which is perpendicnlar to the path of the beam of light, 
into the section of the ellipsoid of polarization. 

The entering beam of light mast now be divided, according to these 
two Unes at right angles to each other, into two component parts, which 
then follow the same path entirely through the crystal; passing out of 
it, however, they tall upon a second polarizing arrangement, the 
analyzer, which, as the polarizer, allows the vibrating light to pass only 
in a given direction. Here the two beams of light are divided in such 
away that only tbatcomi>ouent wLicb falls in the plane of vibration of 
the analyzer comes out of it; finally, both these componeuts, polarized 
in straight lines, have similar directious of vibration, and the same path, 
and for this reason unite in a straight polarized beam of light, with the 
same direction of vibration as component and analyzer. 

We suppose that both the polarizer and the analyzer are so placed 
that their direiitions of vibration are parallel to «ajj.a 

each other, which position is once for all deter- ' 

mined. Let us now turn the crystal-plate in its p 
own plane until its directions of vibration come 
together, the one, oS, (Fig. 33,) with o P of the po- 
larizer, the other, ori, with o A of the analyzer, 
and we have the following result : 

Straigbt-lined polarized ligbt comes from the 

polarizer in the direction of vibrating light, o P. \ * 

By its entrance into the crystal it will be divided" i 

in the direction of and oij, which is its direction of vibration ; thns no 
component escapes, especially in the direction oi;, but the beam passes 
through tbe plate iu Che direction oS, and passes out of it with the di- 
rection of vibration o f , foils upon tbe analyzer, is here divided into two 
components, of which only the parallel one, o A, is allowed to pass 
parallel to o A ; however, o i gives ont no component, which means that 
In this case no light whatever comes through the analyzer. 

We see also that any crysMl-plate with parallel planes appears dark 
when placed between polarizers which are at right angles to each other, 
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aB soon as its directioD of vibration coincides with that of the analyzer 
and polarizer. 

Id order to observe the absorptioo, we have only, when the plate is in 
the position of darkoess, to take away the analyzer or the polarizer. In 
tbis case only the color corresponding to the one direction of vibratioa 
of the plate appears. This occorrence tbns shows itself entirely analo- 
gona to the previoas one. 

It is at once clear that a plate perpendicnlar to an optical axis ap- 
pears dork in every position of the crossed polarizei«. BespectJog the 
relations of a plate with parallel sides between polarizers in a cone of 
monochromatic light, we only remark that optical axes are shown by a 
system of very nearly concentric rings, throngh whose center a dark, 
straight or hyperbolic beam, or a dark cross, appears. The appearance 
of these in white light will be described for some of the systems. 

§ 4.— Optioal Belations m eaoh Cbysiaixikb System. 

As has already been mentioned above, tbe position of the principal 
optical section and the valae of the axes of elasticity are different for 
different colors. A coiocideoce takes place only in the case of the exist- 
ence of one or more planes of symmetry, because snch a one most 
always be a principal optical section. 

1. Teiclinic system.— No plane of symmetry. The position of the 
ellipsoid of polarization for the different colors cannot be determined a 
priori J tbe axes of elasticity are inclined to the axes of the crystal ; all 
the principal optical sections are dispersed, that is, have a different po- 
sition for every color. In general, the dispersion of the principal section, 
both here and in the following crystalline systems, is small, and seldom 
goes beyond one or two degrees. The appearances of color in plane 
plates with parallel sides, which allow the optical axes to be distin- 
guished, are in monochromatic light as follows: A plate perpendicnlar 
to tbe bisectrix shows, when tbe polarizers are crossed, a black cross, 
(Fig. 34,) upon one arm of which the elliptical rings of the optical axes 




appear snrroanded by lemniscates if the principal axes of the plate co- 
incide with those of the polarizer; when byperbolie (Pig. 35) pass 
through the rings of the axes, the principal sections of tbe plate are 
inclined 45° to the polarizer; in white light the rings of some cotors 
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appear sDperpoaed ; on accoiiDt of the dispersion of the principal section, 
both of tbe two images of the axes, and also the arraDgemcDt of the 
. colors in both of tliem, will be aosjinnietrical with regard to the princi- 
pal sectioD, which is marlied by a somewhat faint and black beam. Tbe 
detail of this image of the axes is most simpt; described by saying that 
a nnioD of the cases of dispersion, met with in variable intensity in the 
following system of crystallization, is to t>e here observed. 

2. MONOCLiNia BYSTEU. — One plane of symmetry. A principal opti- 
cal section of every color must coincide with the plane of symmetry, so 
an axis of elasticity of every color must coincide with the axes of the 
crystal o Y, p4rpeudicnlar to the plane of symmetry. The two other 
principal sections, as also tbe two axes of elasticity lying in tbe plane 
of symmetry, are dispersive for tbe different colors. There are here 
three possible cases ; 

First. The principal section a c, containing the optical axes of a color, 
coincides with tbe plane of symmetry, inclined dispersion, (dispersion 
incUnee of Descloiseaux.) Tbe general case is, that tbe analogous principal 
sections have for all colors very nearly the same position ; in this case 
the optical axes, for sll the colors, lie in the plane of symmetry; the 
image of a plate perpendicular to a bisectrix, (convergent light,] on 
acoonot of the correspondence of the direction of vibration of the plate 
and the polarizer, is symmetrical with respect to the black beam joining 
the image of tbe axes, (Fig. 36.) 

Becoudly. The principal section of the axes is perpendicnlar to the 
plane of symmetry; the bisectrix j^gg^ 
lies in the plane of symmetry, hori- 
zontal dispersion, {dispersion korison- 

tale of Dcscloiseaux.) In this case ^s^^>n^—*ft"^ft-#^ 
cb for positive crystals, and ab for \^— ^ I ■^'— -W 

negative crystals, coincide with the 
plane of symmetry. 

If tbe general case of tbe approximate coincidence of simitar princi- 
pal sections for different colors is selected, wo see that here the planes 
of the optical axes are dispersive. The image of the axis appears sym- 
metrical with respect to a beam perpendicular to the line of the optical 
axes, (Fig. 37.) 

Thirdly. Tbe section of the axes a« and the bisectrix are perpendic- 
ular to tlie plane of symmetry ; tbe prin. i^jt. 
cipal section ab for positive, and cb for 
negative crystals, coincide, therefore, 
with tbe plane of symmetry ; crossaise , 
dispersion, {diversion crois^ of Descloi- 
seaux.) The planes of tbe axes are dis- 
persive. 

Under the same supposition as before, 
the image of the axes will not be symmetrical with regard to any line; 
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the planes of the axes appear ronod the oormal to the plate, (second 
crystallographio axes, o Y, bisectiag,) dispersed in the shape of a fan, 
(Pig. 38.) 
3. Obt&Obhoubio system. — Three noeqaal plsoes of symmetry at 
- rightaaglestoeachother. Everyplane 

" Wl of symmetry mnat coincide with a prin- 

cipal section j here the position of the 
principal optical section is completely 
g determined, and only the value and po- 
sition of the axes of elasticity are aode- 
termined. In most cases the similar 
principal sectionsof all colors coincidOf 
as also do the axes of elasticity a,b,e. 
' The image of the axes, according to the former suppositions, is sym- 
metrical with regard to the two black beams; it appears also in white 
light, similar to Fig.' 3'!, but in this case the black ellipses are replaced 
with color. The principal optical section is not dispersive ; the optical 
axes, however, are ; that is, the angle of the axes is different for different 
colors, as !n both the previoas systems. 

i, Khombohsdbic system. — Three tautogonal and similar planes of 
symmetry, inclined at an angle of (UP. Every one of these mnst be a 
principal section of the ellipsoid ; this is only possible if all these zones 
belonging to the section of the ellipsoid are ei^nal to each other; that is, 
it is an ellipsoid of rotation ; the principal section perpendicalar to the 
plane of symmetry is a circle; the axis of the zone of symmetry is the 
optical axis of all the colors. Here, as we have already mentioned, two 
cases are possible, positive or negative crystals, according as It = c or 
a = b. 

If we again make the supposition that the similar axes of elasticity 
coincide for all colors, we get, as the image of a plate cat perpendicalar 
to the optical axis between two crossed polarizers, a black cross with 
concentric colored rings, (Fig. 39.) 

5. TETRAOONiX SYSTEM. — Five planes of symmetry, four of which 
jj^. are inclined 45'^ to each other, every alternate one 

'^ being similar, the fifth perpendicalar to the foor 

others. 
A principal optical section is parallel to this 
" last, as the hypothetical plane of symmetry 001. 
All its perpendicalar ellipsoid sections must be 
eqaal to each other, because in this zone foar 
planes of symmetry exist, all of which mast be 
principal sections of the ellipsoid. The tetragonal system, therefore, is 
optically exactly like the rhombohedral. 

6. Hexaoonal system. — Seven planes of symmetry, six tantogonal 
inclined 30°, every alternate three similar, one perpendicalar to them. 
This last, taken as a principal section, makes, as in the two previons 
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systems, all sections perpendicalar to it similar, on acooant of tbe sym- 
metry according to the six tantozonal planes of symmelry; on this 
acconnt, therefore, hariog tbe same optical relations. The base 1 1 1 is 
perpendicular ta the optical axis. 

7. Tessekai. (isometbic) ST8TEH. — Nine planes of symmetry, three 
perpendicular to each other and similar, tbe other six intercalated tan- 
tozonalty at 45° between each two of the first. 

If we take the first three planes of symmetry parallel to the three 
principal sections, it results immediately, from the existence of tbe other 
planes of symmetry, that the ellipsoid of polarization mnst be a sphere 
whose radius is different for different colors. A sphere bas only circu- 
lar sections ; therefore, simple refraction is produced in all directions. 

We have above considered only tbe cases where tbe similar principal 
sections of all colors very nearly coincided ; the exceptions to this law 
are really very rare, and present no difSculties. Observation by means 
of monochromatic glasses or sources of light always allows a very quick 
(vientation. 

We have also in tbe above description left ont crystals with one axis, 
which polarize circniariy, because they, in spite of the greatest theoret- 
ical differences, can practically be regarded exactly as the other mono- 
axial crystals, with tbe exception of the image of the axis, which inside 
of the rings shows that the black cross is replaced by a uniform color, 
which is dependeut on the thickness of tbe plate. 

It is now no longer necessary to describe the special behavior of sec- 
tions of different crystals with respect to the orientation of their direc- 
tion of vibration. The orientation of the ellipsoid, with regard to the 
axes of the crystal and their respective planes of symmetry, is given 
above ; if, therefore, the crystallographic orientation of a plate is known, 
the kind of section in tbe ellipsoid and the directious of vibration can 
be at once determined. Inversely, the experimentally easily-determined 
position of the direction of vibration of a section of known crystal- 
lographic orientation gives a starting-point for the determination of 
the system. 

Beviewing the method of development of the foregoing sketch, we 
see, as the starting-point, the law of experience, that by the selection 
of a certain method of representation, the symbols of all foces and zones 
consist of whole numbers, whose relations with one another are therefore 
rational numbers. 

From the rationality of these numbers follows, in a way which we 
conld only briefly dwell upon, that only snch groupings of faces are 
possible which belong to one of the seven different kinds of symmetry, 
tbe seven systems of crystallization. From the general law of tbe 
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movemeat of ligfat in crystals reanlted the ellipsoid of polarizatioB for 
the derivation of all special rules. The relatioDS of symmetry of the 
separate systems of crystallization allow as to discover in a very simple 
manner the nature of the ellipsoid of polarizatioo, and with it the optical 
characters of every system, with which we have completed the object 
of this memoir. 
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Bt Db. W<eikof, 
f Ub« JlHMfoit Imperial Qtograplaoal SoiMy. 



The first meteorological observatioDsin Russia were madeaboat tbe 
middle of the eighteeuth century. The points of observation were few, 
scattered irregularly over the country, with very different methods and 
instrameots. About the end of the last century attention was directed 
to that distant but highly iuterestiog land, Siberia. The natural his- 
tory of the country having been studied by Lepecbin, Pallas, Omelin, and 
others, the necessity of investigating its climate was also felt. Some 
efforts were made in this direction ; thermometers were distributed, but 
the result was not encouraging, and we know next to nothing relative to 
these first Siberian observations. Even at the beginning of the nine- 
teenth century the necessity of the study of meteorology was not gener- 
ally recognized in Russia, and only as late as about 1820 were the num- 
ber of points of observation increased. Between the years 1820 and 
1835 meteorological observations were made in about thirty places, gen- 
erally by private individuals, without any unity of plan, aud often with 
imperfect instruments. Probably even many of the journals kept at 
that time were lost to science, for every observer worked by himself, 
and had generally no communication with each other aud the leading 
Bavans of the time. 

The great impulse given to the study of magoetiam in 182S had an 
influence on meteorology. In that year the '* magnetische verein" was 
founded in Germany, and its president, Baron Humboldt, made great 
efforts to induce the Russian government to establish magnetical obser- 
vations in its dominions. The Academy of Sciences warmly seconded 
this efibrt, and in consequence magnetical observatories were estab- 
lished at St. Petersburg, Kasan,Kicolajef, Sitka, and Pekin, and some- 
time afterward at Catberiueuburg, (Ural,) Barnaul, (West Siberia,) and 
the mines of Kertschinsk, (East Siberia.) 

In 1833 Kupfer presented a plan of reorganization of the m^< 
netical observatories, so as to include meteorology. He was supported 
by the minister of finance and the chief of the engineers of mines, 
K. W. Tchefkine. This plan was approved by the Emperor Nicholas, 
and, like the system of magnetical observations, was placed under super- 
vision of the department of mines, wifh its center at St. Petersburg. 
Magnetical and hourly observations were to be made at the following 
places: St. Petersburg, Barnaul, Gatherinenburg, and Xertschiusk, aud, 
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ID addition, meteorological observations at Bogoslovlsk and Zlatonste, 
(Ural) and Lugan, (Sontbem Rnsaia.) The observations were to be pnb- 
lisbed at the expense of the department of miDes : and Kupfer was ap- 
pointed director of the system. All this was accompliebed between 1835 
and 1811. The observatories, however, of Kicolf^ef, Sitka, and Pekiu 
were not ander Kapfer's direction, nor was that of Tiflis, founded in 
1844. A yearly publication,nndertbetitleof" AonuairemagQetiqaeeC 
meteorologique," was devoted to the meteorological observations of the 
stations of the department of mines, as also to those of Sitka, Pekin, 
and Tiflis. 

In 1849 the Rassian central physical observatory was fonnded. No 
change was made in tbe position of tbe principal points, but tbe obser- 
vatory entered in commanicatiou with private observers, furnished tbem 
with good compared instruments, and published the daily means of 
their observations, as also those of the government stations, in a quar- 
terly volume named "Correspondence meteorologique." Tbe publicatioa 
of the hourly observations of the principal stations continned under tbe 
■ title of " Annales de I'observatoire physique central" Thus for the first 
time a general system of meteoi'ological observations was fonnded ia 
Russia. New observers volunteered to assist in the work, and public 
institutions took part in this movement. Tbe department of public 
lands furnished good instruments to its schools of agriculture, and some 
of their observations are very valuable. Mr. Wesselovsky stimulated 
their zeal and began at the same time to collect the meteorological 
journals of private observers, for a general work on the climate of Russia. 
Many journals were thus saved from oblivion, and the results of many 
private exertions were placed in the reach of tbe scientific world. 

His " Climate of Russia " appeared in 1857, and, being still tbe most 
extensive and complete work on this subject, I may be allowed to give 
au account of its contents: 

The author having the intention of publishing a strictly climatological 
work, with a view to apply bis researches to statistics, and <!iS|>eciaI)y to 
the influence of climate on mauj nnfortnuately escludod all that relates 
to tbe pressure of tbe air. Extensive tables are, however, given of the 
meau temperature for one hundred and forty -seven stations, in which 
number tweuty-six are for Siberia and Russian America, with a clear ex- 
position of the principal features of tbedistribtttiouof the temperature, 
and an ap|>eudix on the heating power of the sun's rays and the tem- 
perature of tbe soil. A table is also given of the freezing and opening 
of one hundred and forty rivers and lakes. In this respect tbe compiler, 
Mr. Wesselovsky, was favored by tbe particular position of the rivers of 
Russia, and the attention always paid to this subject. Yet the collection 
of much of the datawas due to his strenuous exertions. We are present- 
ed with an anbroken record of the time of freezing and opening of the 
Neva, at St. Petersburg, reaching back to 1706, that is, for one hun- 
dred and sixty-seveu years, and records of fh>m eight; to one hundred 
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years for aboat ten other places. The most importaDt part of the work 
relates to the winds. Weaselovsk; was the first to prove that in south' . 
em Bnssia the winds are easterly in aatnma and winter, while in the 
center and northern part of the ooontry they are from the southwest at 
thia time of year, the same as in England and Germany. These relations 
of the wind to the seasons were exposed with the greatest clearness, 
and the new data since collected have only confirmed Wesselovsky's 
views; as I shiUl afterwards show, surprising as it may appear, the 
auemology of Bussia and Sit>eria is even now misunderstood, especially 
by foreign meterologists, A chapter on vapor, clouds, rain, and hail 
follows. The obser^'fttious were very few, while these phenomena, 
being local, can only be well studied when we have a great number 
of observations. The last chapter of the work is also of great import- 
ance ; it treats of the changes of climate, and presents conclusive evi- 
dence that appreciable changes have not taken place in historical times. 
By consnlting the classical authors, Wesselovsky shows that the general 
opinion that the climate of Southern Bussia has become milder has no 
foundation. If Ovid, banished to the countries of the lower Danube, is 
astonished at the rigor of the climate, this is quite natural for a south- 
erner. The Danube froze at that time as it Creeses now, at least in its 
lower parts. The facts related by Herodotus relative to Scy thia are still 
more imjiortaut. At that time, as now, rains and thunder storms were 
frequent in summer, and this was new to a Greek, accustomed as he waa 
to a rainless summer in his own country, while the rains of winter were 
less abundant in Scythia than on the shores of the Mediterranean. 

Herodotus also tells us that Southern Bussia wasasteppe, (') athis 
time, aa it is now, and probably has been daring the whole of the pres- 
ent geological period. 

The fi'eezing and opening of rivers affords the author another proof 
that the climate has not changed in this respect since the beginning of 
the eighteenth century; at least that the time when the temperature 
is below the freezing-point is now the same as before. There is certainly 
a great variation in this respect in single years, and even in x>eriods of 
from ten to twenty years. But nothing indicates a permanent change 
of climate. Gold years are followed by warm ones, and vice versa. If 
we take periods of thirty yeais at St. Petersburg, we have as follows : 



T«ara. 


FreeiiuK. 


OpeDing. 


Days frozen. 




25.7 
29.7 
22.0 
20.9 


20.6 
23.2 
19.5 





















(') JreeW tegion, prarie. 
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If we take periods of aixty years tbe difference is still less. 



Te>H. 


Freoainn. Days frosen. 















The DUna at Riga, where we bave some observntions made in tbe 
sisteeiith century, gives a similar result. The average time of tbe opea- 
ing of the river, in forty years of the sixteenth century, was April 9.6 ; 
in ninety-one years of the eighteenth ceutury, it was April 7.2 j in fifty-, 
four years of the nioeteeuth century was 8.4. The Dwiua at Arch- 
angel and the Dnepr at Kiev also show very slight diltereDces between 
this ceutury and the last. 

The second part of Wesselovski's work contains extensive tables in- 
valuable to tbe meteorologists. The mean temperature, the number of 
rainy days, and amount of fallen water, are given fur every month of 
every year, so far as he could obtain the data. This collection of obser- 
vations is extremely important for the study of the non-periodic varia- 
tions of the meterological elements. The freezing and opening of riv- 
ers is given for every year separately, and it is much to be desired that 
such tables should be obtained for other countries. As yet they are 
very few in number, and no country of any considerable extent bus 
tables of this kind comparable to those given by Wesselovsky. 

About tbe year 1850 the geographical society of Russia began to col- 
lect infonnation on the cliniateof tbe empire. Nosociety or iustitntion 
bas the means of enlisting the cooperation of so many meterologiciil 
observers as this society, it being widely known throughout the coun- 
try, and having a great number of correspondents. It was thought 
necessar}' U) collect topographical descriptions of different places, as a 
foundation of local climate, as well as observations of the periodical 
phenomena. In 1857 a meterological committee of the society recom- 
mended tbe establishment of a periodical devoted to the meteorology 
of Russia, as well as to allied branches of this scieuce. The society 
adopted this recommendation, and tbe Journal known as the " Reperto- 
rium flir Meteorologie " was established under the directorship of 
Eiimtz from 1859 to 1863. Three volumes appeared and were highly 
valued by men of science. Tbe most important contribution was 
by Kamtz, " Klima der siidrussischen Steppen." About this time, espe- 
cially since 1860, a geuenil belief was entertained that the system of 
meteorological observations established in Russia had proved a failure, 
the money given by the government hod l)een expended to little 
purpose, that tbe whole system required reorganization. As is generally 
found in such cases, there was considerable truth, and also a great detd 
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of exaggeration in this opiDioo. The enormona extent of country over 
which the meteorological stations were scattered prevented their fre- 
quent revision, a condition necessary to the successful working of 
a meteorological system. The instruments of the stations were not £re- 
qnently enongh compared with the standards. All this certainly rendered 
the observations less valuable than they would otherwise have been, 
yet the location of the observatories, especially those of Barnaul and 
of Xertschinsk, iti a country the study of which is especially important 
to meteorology, rendered even second-rate observations valuable. On 
the other band, the liberality of the Russian government in publishing 
the observatious in full was of great use to science. It is only within 
the last ten or fifteen years that we have teamed the great value of ac- 
tual observations, while in former times monthly means were thought 
quite sufficient. The Hussian publications were not valued as highly 
as they merited, because they were iu advance of their time, and we 
are now able to say that the system of observations and publications 
established by the Jiussiau goverument was not a foilure, but rendered 
good service to science. 

About the year 1865 efforts were made to extend the meleorological 
observations and establish a system of telegraphic buUetius. The min- 
isters of the navy and public instruction took an interest in tbe 
enterprise, but the practical result was next to nothing. 

After the death of Kupfer, Kamtz was nominated director of the 
physical observatory. Extensive reforms in the organization of the 
meteorological system began at this time, and were continued by his 
successor, Dr. H. Wild. The physical observatory is now placed uuder 
the aathority of the academy of sciences, and that body has the choice 
of its director. A new set of instruments was ordered to be made, 
compared at the observatory, and sent to the different stations. The 
centigrade scale for the thermometer, and metrical divisions for 
the barometer, and rain-gauge have been in use since 1870, so that 
nearly the whole continent of Europe have the same measures for the 
meteorological instrumeuts. TbeQermanmeteoro1ogica1system,directed 
by Dov£, alone forms an exception, having tbe Beanmnr scale for the 
thermometer aud tbe old French measures for barometer and rain- 
gauge. The form of publication was also changed; hourly observa- 
tjons bad ceased since 1868 except at Tiflis, aud it was decided to 
publish the observations made thrice a day, without any difference 
between stations maintained by the government and those of private 
observers. The first Anoales published in this way were those of 1865; 
those of 1866, 1S67, and 1868 were in tbe same form, while the obser- 
rations of 1870 and 1871, made after tbe new system, are already pub- 
lished, and those of 1872 in active preparation. No meteorological 
system in Earo|>e has a publication of the same importance, for 
it must be repeated that origiufd data are especially necessary io the 
present condition of science. These data must be printed to render 
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thnm moflt useful, and also to place them nithin reach of every 
student of meteorology. This is geuerally recognized by all meu of 
science in Europe, and they would establish s similar system of pnbli- 
catious if only the money could be procored to defray the expense. In 
the present position of central and western Europe this is very diffioalt, 
as the expenditnre for miiit<iry operations has iucreased to the utmost, 
and the goveruments are very economical in their appropriations for 
scientific purposes. Happily Bnssia is now in a better condition, and 
can aflbrd to devote more means to the cultivation of science and other 
trnly nsefnl purposes. 

We have seen that the system of publication adapted in Bossia is com- 
mendable. The other points of the system are far from being as good. 
(1.) There are too few stations in many parts of the country, especially ia 
the North and in Siberia. (2.) The stations are too seldom visited, and 
their instruments compared with standards. (3.) The practical applica- 
tions of meteorology are lost sight of by the physical observatory. The 
inconvenience arising from the too great distance of the stations from 
the central observatory has already been recognized. Wild proposed to 
have branch central observatories in the university towns, and somo 
other principal cities of the empire, the director of which would eacli 
have the supervision of a part of the country. The directors of tbese 
observatories would inspect the stations as often as possible, and com- 
pare their instrument with standards. The central physical observatory 
at St. Petersburg wonid have to determine as to the system of ob- 
servation and registration to be adopted, and to reduce, discuss, and 
publish the observations from all parts of Bussia. It was proposed to 
have such branch observatories in Moscow, Kasan, Charkof, Kiey, 
Odessa, Dorpat, Warsaw, and Helsingfors, Wilna, Tiflis, Irkutsk, Tasch- 
kend, and Pekin which would complete the system. At Tiflis the system 
is in operation, as the director of the observatory at this place has the 
control of theobservations made in the Caucasian provinces, inspects their 
instruments, &c., and sends their observations, after discossion, to Peters- 
burg to be published. Unfortunately this system of centres conld not 
be fully realized for want of means. The principal reason why the me- 
teorological system of Bnssia, so excellent in many respects, cannot be 
completed as was intended, is that meteorology has not been practically 
applied in Bnssia, and the observatory has not interested the people at 
large in its principles and importance. This ia trne to such an extent 
that very few, even in St. Petersburg, have an idea of the existence 
of a central physical observatory. Indeed the notion is prevalent that 
meteorology is a part of the operations of the astronomical observatory 
of Pulkowa ; this being the case, a much less numtter of observers are 
willing to do the work imposed by the regulations of the government, 
and for which they are not paid, because they do not have a definite no- 
tion of what becomes of their work when it is sent to St. Petersburg. 
Some of the former observers have refused to undertake the greater 
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amoaot of labor necesaary incarryiDgontCheuew system, andcertaioly 
there are many of tbese who are qnitfi unknown to men of science, 
wboae laborioas efibrtB have in a great measore been lost for want of 
proper instructions of what and bow to observe. A second drawback 
experienced in carrying on tbis system is tbe difficulty, to wbicb we 
bave before alluded, of getting the additional grant of public money so 
necessary to tbe farther progress of meteorology an well as to its prac- 
tical application. So far from interfering with the progress of pure 
science, tbe practical applications, in extending the nnmber of observa- 
tions and increasing tbe number of men interested in science, can only 
conduct to new diaooyeries. 

In speaking of practical appliances I, of course, refer to tbe system 
of weather telegrams and predictions so extensively used at present in 
tbe United States. 

As some of the general movements of the atmosphere have been 
determined, and it is known that in Bossia the storms move &om west 
to east, as they generally do in the middle latitndes of the globe, we 
are in a very favorable poeition for the prediction of the weather, mach 
more so tiian those in Western Europe, and scarcely less than in the 
United States. As a great mtuiy meteorological stations exist in tbe 
west of Europe, it is easy to obtain telegraphic commnnications relative 
to the weather £n>m them for the mere expense of the telegrams. The 
Norwegian meteorological institute has already established forewaru- 
ings of storms, and it would be only necessary to establish telegraphic 
lines to tbe shores of the Arctic and White Seas, for the boiefit of the 
shipping and flaheries of these regions. The western part of Bu8sia> 
with tbe Aictio, White, Baltic, and Black Seas, would thus mainly de- 
pend on intelligence received from abroad, while the railroad officials and 
travelers inland oould be warned of the approach of storms of snow and . 
rain by the intelligence received Irom Western Bussia. The delays ou 
tbe railroads and the greatlossof life which freqaentiy occur on ordinary 
roads could thus to a great extent be prevented. After the climatival 
features of Bussia have been sofflcieuUy studied, agricoltiire itself would 
profit by the warnings of heavy rains and thunder-storms predicted in 
advance; they would be prepared for and lose a part of their baleful 
Influence. Within tbe three las^ years the geographical society has 
again busily occupied itself in promoting the study of meteorology iu 
Bnssia, and tbe success of the first two years of this work is very en- 
couraging. The geographical society did not, however, wish to inter- 
fere with the business of the physical observatory, yet the inability of 
this institution to perform all the labor was too dear to be ignored. It 
was proposed to elect a meteorological commission t^m among tbe mem- 
bers of tbe society. Tbis commission was elected in the beginning of 
the year 1870, and discharges tbe duties of meteorological societies iu 
otber eonntricB ; that is, it furnishes the theoretical and practical prop- 
ositions of the science. 
18 s 
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A geueral system of rains^aud tbnnder-storm obaervatioDS was com- 
menced, Id the proBecation of which the society was mach favored by 
its extensive correspondence thronghout the conntry. CircnlarB ex- 
plaining the necessity and mode of observatioua were sent to the corre- 
sponding members, to Tarions schools, to tbe presidents of tbe district 
assemblies, &e. A cheap rain-gaage was also adopted, of which tbe 
principle is simple and its use easy to anderstand. Of these there were 
abont sixty oew observers in tbe spring of 1871, while all the necessary 
preparatioDS were not completed autil the aotemn of 1870. A year 
later tbe number of observers had increased to abont two hundred, and 
this state of things contiuaed to be very promising np to tbe time when 
I left St Petersbarg. in December, 1872. The saccess of this effort 
proves that it is not difficalt to find many persons willing to work for 
science, even if an immediate practical result is not expected, provided 
only that tbe final utility of the results is properly explained. 

To obtain this very desirable resnit it was necessary to publish and 
send to the observers papersou meteorological subjects, which would tend 
to awaken and snut^iiu their interest in the subject. This was done by 
thegeographicalsocietyinNos. land5of its"iswastia'' which contained 
papers of this kind, copies of which were sent to all observers, and 
generally, distributed. Being secretary of the meteorological commis- 
sion, Iwas charged with the duty of drawing np the resnit of the first year 
of observation, from December, 1870, to ilovember, 1871. The results 
obtained were better than could have been expected from tbe variable 
nature of aqueous precipitation. It was even possible &om the data to 
draw isohyetal lineii, the first ever attempted in Bnssia, for tbe mouttis 
of May, Jnly, August, and September, 1871. It was found easier to 
draw isohyetal lines for one ^ngle month than for means of different 
years in different places. As to the thunder-storms, it was less ea^ to 
obtain general results l^m the few observations made in 1871 ; maps 
could not be drawn from tbem. On the other band, the results for the 
direction of thunder-storms and the hours at which they occurred were 
satisfactory. Tbe most prevailing direction was from southwest, next 
from 80utb,8oatbeast, west and northwest, while from the other direc- ' 
tions their appearance was very seldom indeed. The hoar of the meet 
frequent occurrence of thunder-storms was about 3 p. m. At some sta- 
tions situated from one hundred to two hundred and fifty miles east 
of tbe Ural mouutains a second hour of maximum ocoarrence existed 
late in the evening. As tbe storms move from W. to £. these latter ones 
evidently originated in the Ural mountains, where it is known that fre- 
qneot and very violent thunder-storms occur in summer, and moving 
eastward arrived later in the day. A similar feature conid be noticed 
in the sonthwestern group, Kiev, Podolia, and Yolhynis. Tbej are to 
tbe east of the Karpathiaus, and the tbunder-stonus front' that quarter 
reach them in the night.- 
The geographical society further decided to devote a volume of it% 
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(" Sapiski *) memoirs eotirely to meteorology, especially to investiga- 
tions relative to the climate of Etnssia. The leason of this decision was 
the desire that was felt to have this sabject tboroaghly investigated, so 
as to produce a work on the level of the science of onr time, as 
Weaselovski was of that of sixteen years before. It was hoped that 
the members of the meteorological commission wonld contribate to the 
desiied result, which conid only be attained by the anited efforts of 
many laborers. The plan of periodical publication of the society 
"isvaatia'* was not well adapted to meteorological works of great 
extent, being principally devoted to the progress of geography. The 
Siberian section of the geographical society at Itkntsk has also estab- 
lished a meteorological coinmission, with the same powers as that of 
Sc Petersbni^. Many observations made in flastem Siberia are rednced 
and discussed there, and much progress in the science may be ex- 
pected from that quarter. There are few coautriea so interesting to 
Mrtau ia i n g y and y«t so Uttie koown as Eastern Siberia. It includes 
the meteorological pole of winter — that is the ooMeat region in this sea- 
son — and besides embraces an enormous extent of country, with every 
vaiiety of local climates. 

A secondary meteorological center at Irkntsk is also very important 
for the supervision of stations and comparison of instmments. It is 
next to impossible to effect these objects from St. Petersburg. 

It would be going too far to mention the efforts of the various gov- 
ernment boards and societies to establish systems of meteorological ob- 
servations in different parte of Bassia, the more so as a nnity of direc- 
tions is now shown to be necessary to the progress of this science. Most 
of these systems are now united with that of the physical observatory, 
having adopted the same measures and methods. This is the case with 
the navy, which bas meteorological stations on the White, Baltic, 
Black, and Caspian Seas, and also on the Pacific coast. 

We shall now give a brief exposition of what is known of the climate 
of Bnssia, what are the advances made in latter years, and what re- 
maius to be done in this respect. 

Onr knowledge of the temperature of Bnssia is far more complete 
than that of the other meteorologioal elements. A striking fact has 
been brongfat to onr knowledge in the last ten or fifteen years, that the 
mean temperature of winter is higher on the shores of the Arctic Ocean 
than to the sooth of it on the same meridian. Near the North Cape it 
is higher, even if we advance ftom southwest to northeast, while in the 
lestof Eitropethenortheastisthecoldestqnartor. This isduetothe warm 
waters of the Gulf Stream, which flows along the north coast of Norway, 
. and farther along the Bassian Murman coast as far as the Syjatoi Noss, 
(Holy Cape.) The waters in this region never freeze, even masses of 
floating ice are never seen in them, and they commnnicate their tem- 
perature to the surrounding fur. The places in the interior of the con- 
tiuent, fax from the warming influences of the Golf stream, will natnr< 
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ally havo a lower winter temperatare. "So long meteorolo|^cal obBeim- 
tiotia have been made oo the Marmaa coast, bat tbe cities of Kortheni 
Norway sitoated on the same ocoan, and sabjected also to tbe influence 
of tbe Oulf Btream, have a very Bimilar climate. For the connderaticHi 
of the winter and sammer temperataie of the same meridian firom oortb 
toaoDth we will refer to the following table: 











Winter. 


Snnimer. 


DUT 




83.9 
G.4 
20.7 
24.8 
27.0 


49.0 
57.9 
59.0 
611 
63.5 



























Meridian about 29^ U./rom Greenmdi. 






Winter. 


SDininer. 


DiC 




21.9 
17.4 
18.1 
23.6 
31.9 
36.9 


45.9 
60.8 
61.S 
65.3 
70.3 
78.7 




Potomborg, 60° N 





























We see that Wardoe has nearly the same temperature in winter as 
that of Kiev, situated 20° to tbe soath on the same meridian. Even Car 
from tbe shores of the Arctic Ocean the increase of temperature from 
north to south is veiy slow. It is accelerated only wbon we approach 
tbe shores of tiie Black Sea. Here again tbe warming iDflnence of the 
salt-water basins is felt, while tlie temperature of snnimer also iucreasee 
rapidly, and this for tbe reason that South Bossia is principally a steppe, 
(prairie,) and snob treeless regions are more heated by tbe son than 
those covered with wood& 

In tbe case of increase of temperatnre from north to sonth, Northern 
and Central Rosaa are very different from the Fnited States, the former 
having the least and the latter the largest increase of temperature fhun 
north to sonth known in any extensive region. This increase is as fol- 
lows in Bussia, for 1 degree of latitude in degrees of Fabr. : 





Year. 


Winter. 


Sonmer. 




0.70 

1.78 


0.58 
8.79 














1.08 


i.21 
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The temperatnre of tbe winter is also bigber on the western coast of 
TSoYa Zembla than in the northeast of European Bassia and Western 
Siberia. Itbas beenfonndtobe5.7 on tbe71'=> north in Nova Zembla, 
while it is - 6.6 at Berezov, (64° N.,) 1.6 at Ischim (56° N.,) and 10. 2 
at Kasalinsli, on tbe lower Syr-Daria, (46'^ K,) so that it is only ii'^. 
higher, for a difference of 28° of latitade. The mildness of winter tem- 
peratnre on the Arctic Ocean is also illustrated by the fact that, while 
this ocean does not freeze so far as the Swjotoi Noss, the Caspian and 
Azov Seas, in a latitade of about 16°, freeze to a great extent 

The observatioDB made in Bassia farnisb as with the means of tracing 
the chaogesof temperature from east t<> west, from the Atlantic to tbe 
Pacific Ocean. Generally the winter temperature decreases as we ad- 
vance into the interior of the continent from west to east, and increases 
a little on the eastern shores of Asia. Yet, being much lower there than 
in Western Europe, tbe temperature in the interior is a little higher in 
summer than near the Atlantic, and decreases very rapidly near the 
Pacific, being much colder there than anywhere else on tbe same par- 
allel in Europe or Asia. 

Parallel 0/ 10° N. 





Winter. 


Bummer. 


Diff. 




81.9 

3.2 

-35.9 


45.9 
35.6 
46.8 

















Param o/ C20 to 64° N. 





WiDter. 


Summer. 


Difif. 




39.3 
27. 1 
17.4 
7.5 
- 6.5 

-n.3 


54.7 

55.8 
60.4 
59.4 
58.1 

56.6 





























The difference between the limited climate of the abores of the Atlan- 
tic and tbe excessive climate of tbe interior of Eastern Siberia is strik- 
ingly illostrated by this example. The difference of tbe mean temper- 
ature of January and July in tbe last place is more than 100°, (January, 
— 41.4 ; July, 63.3.) Unfortunately we have no observations on the 
shores of the Pacific north of the fi9th degree. The winter temperature 
would certainly be much higher there than at Jakutsk. 
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ParalM of 69° K 



Sandwiok Orkney, 3= W .. 

EeTal,a5°E 

Wologda,4(P E 

Bogoslowsk, (i)60OE .... 
Ocbotit, (Pocieo,) 143° E. 



23.3 

13. tf 

— 0.2 



47.9 
59.1 
60.3 



Parallel of 56° S. 



Gl»agow,4'J W 

CopenbageD, 13° £ 

Mo»co«,37°E 

Kiu«in,49°B 

Ischiin, 69° E , 

ijan, (Pacific,) 138° E. 




Parallel of 53© N. 



DnbliD,6° W 

OroDiogen, 7° E 

Orel, 36° E 

Pensa, 45° E 

BMk»nl,34°E 

Nicolajevak, (Amoor,) 14C^ E. 
Petropavlovuk, Kamtcbatka. 



65.1 
64.9 



17.0 

4e.o 

57.8 



Parallel of 46° S. 





Winter. 


Snratner. 


Diff. 




39.7 
3B.8 
27.9 
22.4 
10.3 


67.6 
73.5 
70.3 
74.9 
73.6 














&2.B 




63.4 





(') Above 700 feet eastern slope of tbe Ural. 
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WiDt«r. 


Snmmer. 


Dift. 




50.0 
47.8 
39.9 

2a8 


70.0 
72.9 

7.^6 
77.9 





















The difference between tbe east and west is less sensible in the lower 
latitudes tbaa Dortbof theStith degree. Scarcely willthu winter be found 
colder anywhere on the 40tb degree than in Pekin, and j et the difference 
between this place and Lisbon, oq tbe Atlantic, is only 2G°, wbile tbe 
vinter climates of Dublin and Nicol^evsk differ by 47.9, and yet in the 
last place the temperature is already milder, because of the proximity 
of the Pacific. Blagovestschensk, on the upper Amoor, latitude 50°, 
bas a wiuter temperature of — 8.5, while in Uelston, iu Soutbwesteru 
England, it is 46.0 ; difference, 54.5. 

The summer temperatures are uiucb more equable, being lowest on 
the Pacific shore, (Ochotsk, Ajan, FetropavloTsk.) 

The ratio of the change of temperature iu European Russia from west 
to east may be adopted as follows, m degrees F. for 1° of longitude : For 
the year: — 0.25; winter, — 0.56; snmmer, 0.13, (') that is, it increases 
verj- little in summei and decreases very rapidly in winter. In thiij lust 
season the decrease from west to east and from south to north is the 
same. 

Tbe extensive plains of Russia and Western Siberia are very favornbly 
situated for this kind of study, since tbe local peculiarities do not in- 
terfere with the result aa much as in other countries. ' Jo Eastern Sibe- 
ria tbe conditions are different ; tbe country is intersected by many 
mouDtaio chains ; the vicinity of the Pacific modifies the climate to a 
great extent. On the other band, as the points of observation are very 
widely scattered, it is not to be woodered that we know very little ^s 
yet of the climate of this interesting country. The i>o)e of winter cold 
is situated, we know, at or Dear Jakatsk, ou the Lena. As I have said 
before, the general system of meteorological obser\'ations did not exteod 
so far northward, audit was a private individual, Mr. Neverof, to whom 
we are indebted for the twenty-five years' observations at Jakntsk. Iu 
Eastern Siberia, as in Western, the cold of winter is more iuteuse in tbe 
interior of the continent than on tbe shores of the Arctic; the coldest 
kuowD wiuter being at Jakutsk, latitude &1° N. In this respect Ama 
seems to differ very much from America, as here the coldest peninsulas 
and islands of the Arctic Ocean are far beyond 70° N. 

Tbe cause of this difference is probably that tbe Arctic north of tbe 
Asiatic continent is not entirely frozen, even in winter, while the nu- 



(') Haun, 1. c, p. 394. 
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nierons bays aod sounds uortb of America are covered with an an- 
broken Bheet of ice and sdow. These bodies being very bad conduct 
ors of beat, tbeir sarface, and tbe air immediately overlying tbem, can 
cool to a great extent, aa vonld a continent Theae facta shonld be borne 
in mind nben speaking of the climate of Eastern Asia and America^ ex- 
plaining the di£Ference8 foand, contrary to the general opioiou of the 
similarity of the eastern Bhores of both great contineuts. The changes 
of temperature with elevation are also very much modified by the gen- 
eral features of Eastern Siberia, geographically and climatically. We 
know two high points of this country which have a higher mean winter 
temperature than the surrounding lowlands. These pointa are Mount 
Alibert 52^ 30' 2T. latitude, and 100° 41' longitude E. of Greenwit^ 
7,300 feet high, and the mines of Wosnesensk, 58° 46' latitude N., 115o 
IC B., 2,817 feet higb.(') Igtveheretbetemperatoresof Jannaryas they 
were observed, and the supposed temperatures of the same points at sea- 
level, according to Dov^s isothermal map. 





Tempmrature 


of January. 






ObBeiT«d. 


Supposed. 






-H3.0 
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-26.5 
— 6.0 
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We see that these high iMiuts have a much warmer winter tempera- 
tare than was supposed. Woaneaensk is not very far from Jakntsk, 
where the temperature of January is — 41^ 4', that is, more than 27° lower. 
Irknt«k is not far fi-om Mount Alibert, and has a mnch lower winter 



The increase with tbe height in winter in these two cases being shown, 
the question follows as to tbe cause. In clear, cold spring nights v^ieta- 
bles are otl«n known to suffer ftom frost in low situations, while those 
on hills escape injury. This baa long been explained by the action of 
radiation and gravity, when tbe air is calm. The colder and denser 
portions have a natural tendency to flow downward, and this tendency 
in a clear, calm night is not counteracted by the snn and winds, as it 
is generally during the day. Now a conditioD, analogous to that of 
spring, does prevail very genially iu Eastern Siberia, especially in 
winter. Tbe air is calm, tbe sky clear, tbe aun appears only for a short 
time, and the superposition of strata of air which would be caused by 
radiation and gravity is very little impeded. It is not to be wondered 
at, then, that a condition which is rare in Europe and the United States 
sboDld be so common in Siberia, so as to raise even the mean tempera- 
ture of high stations above that of low ones. A very general and strong 

(') For Airtber particolara see " ZeitMbrUt dei OateTieichisclMa OeaellBchaft Itii 
Heteorologie," year 1?7I, p. 52. 
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veat wind was also noticed io winter at Moant Alibert, and described 
as a warm wind, while, as we have said before, calms with intense radi- 
ation prevailed in the lowlands. 

These facts, as also mach of what we begin to know abont theplateans 
of North America, show that the so-called laws of decrease of tempera- 
ture with elevation are not generally applicable. The older notions on 
this point are taken from the observations in tropical South America 
and the moontain regions of Western Earope; that is, trom maritime 
climates and monntaiu-cbains. Id regard to plat«ana, these laws, we 
are snre, mast be very different, but we are not able at present to state 
what they really are. In the present state of our knowledge we can 
only say that the decrease of temperature will be greater, first, in moant- 
ain-chains than on plateaus ; secondly, in summer than in winter, or gen- 
erally in warm temperatures than in cold ; thirdly, in dry than in moist 
air. 

The parts of Asia belonging to Bussia prasent the most interesting 
problems relative to the influence of position on the distribution of 
temperature which can be found. Unfortunately these countries are 
scarcely emerged from darkness. 

The range of temperature is an important elemeut, which ought to be 
more studied than it is at present. I will refer only to an opinion very 
widely entertained in Bnssia, that the Siberian climate is very constant 
in comparison with that of Europe. This is erroneous, at least so iiir 
as Western Siberia is concerned, which has a very variable temperature 
especially in winter, scarcely less than that of the Misaisaippi Valley, so 
conspicuous in this respect. 

Tiie following table shows the mean highest and lowest tem|ieratnres 
of each month, observed with maximum and minimum thermometers, 
for twelve years, from 1851 to 1862. 
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Bariiaal, in West Siberia, has the greatest range of temperatare, at 
least from Norembet to May. In the winter Xertscbinak has a rel- 
atively small range; it is the constant winterofBastem Siberia; in Jao- 
nary the range is even smaller than at St. Petersburg. The maxima 
are clearly seen in Nertschinsk in March and November, while Janoary 
and Jnly bave the least rang«. The temperatnre sometimes may fall aa 
low ia Western Siberia as in the eastern part of that country, only in 
the latter tbe cold is constant, and the thermometer never rises fUwve 
the fi'eezing-poiut from tbe first days of November to the middle of 
March. The following table gives tbe absolute maxima and minima of 
the winter months in the same period ; to which I bave added those of 
Jakutsk for teu years, 1845-1S54, from obeenatious taken thrice a day 
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The absolute range is less in January in Eastern Siberia than in any 
other of the given points, while it snrpasses IUO° at Bamanl. At this 
last point 36°.5 were observeil on tbe 4th of December, 1860, and — 67.0 
on tbe Ifith of the same month, being a difference of 103.5° in twelve 
days. These enormous variations of temperature bave also been ob- 
served in the valley of the Jenissei — for example at Krasnojarsk, 33.1 on 
28tb of November, 1840, and— 51.2 ou tbe 30th, being 84.3 difference 
in 46 hours. In Eastern Siberia these enormous changes are unknown 
in mid-winter. 

The pressure of the air has received much less attention in Russia 
than tbe temperature, and this can be said of tbe observations, as well aa 
of their calculation and tabulation. We do not possess as yet gootl 
barometrical tables, although we may bo^M to bave them, as Lieutenant 
RlkaUdief and Baron Maydell, both of the physical observatory, are occu- 
pied with the reduction and discussion of all tbe barometrical obser\'a- 
tioua which they could obtain in Russia. The largest collection of 
barometrical means for Russia is that in Bucban*s work on " Mean 
pressure and winds." 

The great summer depression of tbe barometer is strongly marked in 
Southern and Central Russia, and is perceptible even farther to tbe 
we&t. It probably attains its greatest amount on tbe plateau of Cen- 
tral Asia, from Eastern Turkestan to tbe Gobi, but we have not a single 
year of continued barometrical observation in this widely-extended 
country. The greatest amount of tbe summer depression knowu to ns 
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^cas observed west of the plateaus, oo the upper Irtyscb and east of 
them at PekiD. The foUowiug: table shows the distribution of pressure 
Id difTereot mouths : 
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The monthly differences of pressure have only lately attracted general 
attention. The cause of this is that in Western Europe, Eastern Korth 
America, and the tropics, these differences are very Bmall. It was only 
after the observations in Siberia, China, and India were known, that the 
barometrical depression of the summer was noticed, and the summer 
monsoon of India and China was explained by the rarefaction of the 
air in^the middleof the continent, and the consequent drawing in of the 
air of the sarroouding seas. 

Kow that the relations of the pressure to the winds are better known, 
much more attention is given to barometrical observations, and espe- 
cially those of the Asiatic continent attract the attention of all me- 
teorologists. There are two problems which remain to be solved here 
in regard Co tbis matter ; (1) Barometrical observatioDS in the interior of 
Asia, to ascertain the trne amount of summer depression at a distance 
from the influence of the ocean, and (2) a line of levels from the Baltic 
to the Pacific Ocean. So long as the tme height of Siberian points of 
observation is not known, and the adopted heights may be wrong from 
300 to 500 feet, we can know very tittle of the pressure of the air in this 
region. It is a drculut vitiosvs, as the heights are measured by the 
barometer, and afterwards tbeobserved barometrical readings are reduced 
to sea-level, on the supposition that the obtained height is trne. Tlie 
isobars drawn in Buchan's excellent work on the mean pressure are not 
free from this reproach, as any isobars mast be so long as the actual 
height is not accurately known. The plan of a line of levels from the 
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Ural Monntaina to Lafae Baikal was diBcassed last, year by a special 
commissioD of the Ruesian geographical society, and the imporCaaoe of 
this work dearly pointed oat. The council of the society, however, 
declined to nudertake the work immediately for want of adequate 
means, yet it was hoped that private individuals would help the society 
in this important enterpriae, the more so as it has a practical beariug. 
A line of railroad from Nijny-Novgorod over the Ural to Irkutsk, 
and from thence to the Amoor Biver, or directly to China, is in serious 
contemplation. Itfi feasi&ility is beyond ilonbt, aa the difScnIties we 
far from being so great as thoae of the American Pacific Bailmads. 

The barometrical minima have an important bearing on the produo- 
tioQ of storms, as it is now welt ascertained that these violent commo- 
tions of the atmosphere are caused by a great barometrical difference 
iMtween places near each other. Generally the barometer is very low in 
the centerof a Btorm, thia center drawing in from ev«ry direction the 
surrounding air. On the other hand, a great barometrical depression 
can only be sustained by the condensation of vapor ; cold and dry con- 
tinental areas will then arrest the progress of storms moving towards 
them. The coldest region of Siberia can have no atorma in winter, if 
the foregoing views are correct. Thia ia alao the case; for example, at 
ITertschinak, we find scarcely a moderate wiud in the three winter 
months, calm or very light northwest winds being the rale. In West 
ern Siberia calms prevail in very cold winter montbs, wfaile the winds 
are atronger in warm winters. In considering European winter storms, 
*Mohn arrives at the following conclusions: 

Storm-centers move from S. 71° W. in the Arctic and Atlantic 
Oceana, from S. 7° W. in Scandinavia and Germany, and from If. 27° 
W. in Bnssia. He says that the air is too cold and dry in Northern and 
Eastern Bnsaia to suataio the barometrical depresaiou ; the condenaatron 
ou the southern side is mnch greater, and so the storm moves south- 
ward, while the barometer rises in ita center. The mean pressure in 
the center of atorms is 28.68 inches over Scandinavia and Germany, 
and 29.13 over Bnssia. 

Mohn has not attempted to trace the European atorms to Siberia, as 
the observatiooa were too few for this purpose. I have tried to gain 
some knowledge of the sntgect of storms by considering the barometri- 
cal range ; that is, the mean maxima and minima of each moDth.t I 
can, however, only briefly state the results: The mean barometrical 
minima of the winter months, reduced to sea-level, are : At Beikiavik, in 
Iceland, 720 millimeters, or 28.5 inches; at Hammcrfeat, Norway, 730 
millimeters, or 28.7 inches ; at St. Petersburg, 737.3 millimeters, 29.0 
inches. At Bamanl, (West Siberia,) 754.7 millimeters, or 29.7 inches; 
at Nertschinak, (East Siberia,) 763 millimeters, or 30.01 inches. In 
the last-mentioned place, the mean barometrical minima are an inch and 

* Id hia " Storiu-Atlas." 

t Zeitrchrift der SsterniohiBcIieii OcaellMbaft fUr Meteorologie, yeu 18T1, p. ISL 
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a half biglier tban in Icelaod. In Siberia tbe mean minima are also 
higher in January tban in tbe other months, white generally in Europe 
and North America the contrary is the caae, indicating a greater inten- 
sity of the storms in midwinter. lu the annexed diagram the move- 
ment of the minima is graphically repreaented. Korth America and 
Western Enrope have the same system of cnrves, the minima being 
highest in summer, lowest in winter. In Siberia and Eastern Asia the 
contrary is the case ; this is especially marked at Pekin. The stations 
of Lagan, in S. Bossia, and Oatbarinenburg, on the Ural, occnpy an 
intermediary position, having neither the oceanic nor the true continental 
type. The greatest difference between tbe last two places being that in 
Lugan October has the highest minima in the year, and Gatharinenbnrg 
the lowest. This is not accidental. In October the conditions of the 
temperatare and moistore of tbe air on tbe Ural, and in Siberia, are 
more favorable to the propagation of storms than in winter. In the 
same season the Atlantic storms take a more northern coarse, can^g 
a great depression of the minima on tbe Ural. In Sootbem Knssia 
the pressure is generally high in autumn, as also the minima Octo- 
ber is not a stormy month there, white November and December are. 

It is possible that in Octol>er Atlantic storms may reach as for as 
Jakutsk. The sky is generally overcast there, it is the most cloudy 
month of tbe year, and the number of west and southwest winds is great. 
The temperature has not yet fallen so low, even in the northern inte- 
rior of Siberia, as to prevent tbe propagation of storms. 

We shall next consider the winds, whii:h are in so tutimate a connection 
with the pressure of the air. I have said before that Wesselovsky had 
proved the existence of a belt of eastern winds during autnmn and winter 
in Southern Russia, white at the same time the sonthwest winds prevail 
in the northern pari; of the country. The movementsof the atmosphere 
are lietter known at the present time as far as the Jenissei, and I have 
been able to prove the existence of a belt of prevailing southwest winds 
in Kortbern Siberia, and of eastern winds in the south of that country 
aud Central Asia. The division line runs abont the parallel of Sfy> or 
53^ north in Sitteria, and a little more south near the shores of the Black 



This is illoBtrated by tbe following table, which shows the percentage of 
winds in winter in Western Sitieria, Central Asia, and Southeastern 
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The prevaleuce of southwest winds in tbe northern part of the country 
is clearly seen in this table. Even Orenbuig and Semipalatinsh, situ- 
ated between ^XP and 52^^, have prevailing east winds, bat a great num- 
ber of soutlierly also, while Astracban and Raimsk have much less 
southwest and mnch more northeast winds than all the other points. 
The differences we notice between tbe several points are easily accounted 
for, if we consider the rough mode of observing the wind-gauge and tbe 
difierent local circumstances having an influence on the indications of 
this iustrnment. 

I have also noticed an inllaence of tbe upper river valley, tbe winds 
in the direction of this being generally more frequent For example, 
at Tobolsk the Irtysch comes from tbe sontbeast, and the winds trom 
that quarter prevail. At Jscbim, Barnaul, and Krasnojarsk the rivers 
flow from the southwest, and so the local direction corresponds with 
the general one, giving an enormous prevalence to tbe southwest winds. 
At Omsk only this is not tbe case ; the rivers flow from east and south- 
east, and yet the prevailing wind is southwest This is probably due to 
the very level position of tbe surroundings of Omsk. Tbe winds of this 
place can be considered as typical for Western Siberia, north of 52°, 
that is, a moderate prevalence of the southwest, extending also to tbe 
south and west winds. Three or four years ago nothing accurate was 
known as to the winds in the basin of the Yenissei. Now we know that 
tbe southwest extends as far as there, and probably even to the east of 
this river. 

Farther Co the east the winds are so rare and irregular in the winter, 
and catms so general, that I may call this region one .of prevailing 
calms. It embraces the basin of the Lena and the tributaries of the 
Northern Ocean, east and west of it, as also Transbaikalia. It is tbe 
region of the Siberian meteorological pole. The atmosphere is generally 
clear and calm, with cold generated on tbe spot by radiation, and not 
brought from other places by the winds. We must not imagine that this 
region ia of equal magnitude every winter; it extends and contracts 
Quperiodically. In very cold winters it stretches westward to the Ural, 
and even farther, while the warm winters of Western Siberia are those 
in which it shares in the atmoapheiical currents of Europe. To prove 
tbid I calculated the temi>eratnre of the winds at Krasnojarsk iu the 
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winter months of 1870-71, as given in the following table, in which N, 
C. indicates the namber of winds observed ; 
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The temperatores of the months were : in December, — 12^ ; Jao- 
oary, — 4.2 } February, 4.0. Febmary is mnch warmer tfaao Decem- 
ber, yet the tempeiatore of Uie prevailing soathwest winda is nearly the 
same, differing only 1.4, while the mean temperature differs by 160.2. 
Sat we see that in December cahns were much more prevalent than in 
Febmary, and the temperature of the calm days very low. To show 
more clearly that the movement of the air in tbisregion tends to elevate 
tbe temperature, I have calculated separately the temperatoie of li^t, 
moderate, and strong southwest wiuds. 
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The strong winds are by far the warmeet, t^e difference of tempera- 
ture between light and strong being 12. 8 in December, 15. 8 in Janu- 
ary, and 12. 3 in Febmary. The region of calms, or of tbe Siberian pole, 
is bounded on the south and east by that of the Asiatic monsoons, ot 
periodic winds, blowing from the land in winter and from the sea in 
summer. It is only within the last year that the true extent of this 
interesting region has become known. In the winter the interior of the 
continent is cooled by radiation, the atmospheric pressure rises, and tbe 
air flows out to the Indian and Pacific Oceans, where tbe pressure is 
less. In summer the continent is heated, the pressure is much lowered, 
and the air from the surrounding seas flows'in upon Asia. Encounter 
inghigh moontains on tbe eonth and east, the sea-air is forced up into 
a higher and colder altitude, and loses its vapor in copious rains; so 
the gap can never be filled, as the precipitation causes a low pressure 
near the mountain sides. These movements of air are especially marked 
iu bouthern and Eastern Asia, because the heated plateaus of the inte- 
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rior are there nearest to the ocean. Air is also drawn into Central 
Asia from the Arctic and Atlantic Oceans, but, having a much longer 
distance to travel before reacbing the mountains, and being onginally 
colder, it does not caase snch a great precipitation. The in-draught 
from the north and west is also less regular, siuce the pressure over the 
Arctic is not high in summer, and the air of the Atlantic is also drawn 
toward the deserts of Africa where the pressure is low in summer. 

The Asiatic mousoons were first known to the Europeans in India, and 
therefore we often find them called Indian monsoons. It is also supposed 
that the; always blow from the northeast in winter, (dry monsoons,) and 
from the southwest in summer, (wet monsoons.) In the lately published 
"pilot-chart" of the British admiralty the monsoon region is repre- 
sented as extending northward to Southern China only. But the 
winds much farther to the north have the same periodical character. 
Even in Northern China, Japan, Mantschuria, the Russian Amoor 
provinces, and on the western coast of the Sea of Ochotsk, cold, dry 
winds (northwest) from the interior of the oontinent^geuerally prevail in 
winter, while in snmmer they are from the sea, bringing cloud and rain. 
There is, therefore, no reason why we should not extend the Asiatic 
monsoons to these conntries, since their climates are of the same char- 
acter as that of India, the temperature alone excepted, the winter being 
the clear, dry time of the year, and the snmmer being the rainy period. 
Sometimes the summer monsoon extends as far inland as Lake Baikal. 
Id 1869 this lake, the greatest fresh-water basin of the worid except 
Lake Superior, rose more than 10 feet above its ordinary level, causing 
disastrous floods in the neighborhood. Snch copious and loug-continued 
rains in snmmer are unknown in European Russia ; the great rivers are 
unaccompanied with freshets in snmmer, especially those traversing 
great lakes, as the Neva. 

The following table shows the periodical character of the winds in 
the regions of Eastern Asia: 

Percentage of winds at Nieolajevak, mouth of the Amoor. 
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The westoro winter monsoou is established as early aa tbe end of 
September; that is, in the time of the typhooDS of the Soatheni China 
seas. The navigators in tbe Sea of Ochotsli have long known the 
periodicity of tbe winds in this region, of which they take advantage ia 
going in the summer from Eamtschatka to the western coast of this 
sea, and retamiag in September or October, when the western winds 
have fairly set in. 

The extremely onpleasant cold and damp snmmer climate of these 
regions is cansed by the prevailing east wind coming fh>m the cold Sea 
of Ochotsk, a tme polar basin transfered to a lower latitude. The 
yearly increase of temperature is also checked to a great degree by this 
influence, the warmest month being generally Aagost-, when the sea- 
water has acquired a higher temperature. 

Tbe snmmer rains are very copious, even in places inland as far as 
Fekin. In this place, aa also at tbe mines of Nertschiusk, the fall of 
water is more than fifty times larger iu July than in January. In tbe 
last place there is hardly any sledging in winter, though tbe tempera- 
ture remains six mouths below the freezing-point. The countries on tbe 
Lower Amoor and Japan have mo^e of snow and rain in autumn and 
winter. The east winds from tbe adjoining sea are seldom exi>erienced, 
yet when they do occur the precipitation is copions, the difiterence of 
temperature between land and sea being very great. We find a resem* 
blaiice to this in tlie climate of Eastern North America, where the rain- 
fall is more copions than in Euroije; yet tbe sky is clearer and the 
number of rainy days less. 

Precipitation iu inehet. 





Tew. 


Winter. 


Spring. 


SamiDor. 


Antnnm. 


Gr«»t«t 


Laut 




34.31 
15. « 


0.30 


3.93 

1.73 


n.3fl 
10,84 


4.00 

180 


8.0aJolj. 
3.MAdB. 


OUJtn. 















I have said before that tbe monsoon climate is characterized by a gen- 
erally clear winter and a rather cloudy summer. The amount of cloudi- 
ness has only begun within the last few years to attract the attention of 
scientific men. An extensive collection of tables of this element has 
been commenced by Kamtz, and continued by Wild, who has published 
tbe results in the new " Hepertorium fiir Meteorology." Tbey embrace 
many places in Russia and in Siberia. I present here an extract from 
these tables, in which the means of several places have been combined 
together. The amount of cloudiness is expressed in percentage; a cloud- 
less sky taken as zera 
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Tbe contrasting climates are those of Earopeau Sassia and Eastern 
Asia, the first having the greatest amount of cloud generally in Decem- 
ber, the last in July or Angast The greatest part of Siberia is a land 
of transition, having tbe least amoant of clond in Af arcb and tbe great- 
est in October or November. Barnaul has very little cloudiness fi^>m 
February to August, so as to form a transition between the steppes on 
the fionthwest, and the coantries on tbe cast of it. Yet it mnst be said 
that the accuracy of this table is not very great, the amount of cloud- 
iness not being observed in former times in Unssia, and only such des- 
ignations as clear, cloudy, overcast, &c., being given, and sometimes 
also the different qualities of donds, (cirro cumulKs,) &c It seems 
especially that the amount of cloudiness in Southern Russia is less than 
tbat shown in Wild's table, and the same probably applies to the sontb- 
east steppes. Id regions where the sky is clear for some weeks together 
the observers will record " cloudy " if only a few clouds appear, &c. A 
clondiness of from 70 to 72 at Odessa and Lngan seems to me quite 
impossible. 

I have already spoken of tbe summer yinds in tbe monsoon region. 
In the region of the southwest winds tbe change from winter to sammer 
is for less marked, the winds being a little more from the north in sam- 
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mer, the prevailing direction beuig still west. In the steppes of South- 
ern BusBia, and far into Central Asia, the winds are also west iu June 
and July, tLe prevailing directiou being the opposite of that of winter. 
Yet this has not so great an influence on all the features of tho climate 
as in Eastern Asia — lat, because winds from other directions are more or 
less common iu both seasons; and 2d, becaase there is not the contrast 
existing in Eastern Asia between the winds I'rom the continent and those 
from the ocean. 

In Transcaacasia the winds are also generally easterly in winter and 
westerly in summer, as on the northern shores of the Black 8ea. Yet 
the iofluence of the mountains and sea is strongly felt. On the Caspian, 
especially, the day and night breezes are very regular iu summer. The 
Persian sailors know this very well, and in going firom the south to As- 
trachan they keep along the eastern shore, where the breezes are stronger 
than on the western. 

We possess very few observations on the quantity of falling water, 
and this has induced the Oeographical Society to establish a more gen- 
eral system, especially for this element. Yet we mast wait at least frota 
ten to fifteen years before having reliable data from the new statJons. 
Some general features can, however, be ascertained even now, with the 
aid of the few points of observation we possess. In a work on the rains 
of Russia* I have divided the country thus : 

1. Itegion of prevailing summer rains, with a maximum in July : In- 
cluding the northern part of Gussia and Siberia as far as the 60° in the 
west, and 54° in the east. 

2. Region of prevailing summer rains, with a maximnm in Jane: In- 
cluding the country south of the former, being the priucipal part of the 
steppes (prairies) of southern and eastern Russia. 

The two regions differ, moreover, in this, that the second has a very 
marked dry time in September and October, with easterly winds, and 
a second maximum in November. 

Possibly the difference of the time of most copious rains coincides 
with the physical aspect of the country, being welt wooded in the north 
and nearly naked in the south. In the beginning of the summer the 
grasses and corn-fields of the steppes are green, and in this condition 
the evaporation is considerable, giving enough of vapor to the air, 
while at the same time the cold caused by evaporation is favorable to 
the condensation of moisture. In July the grasses are already withered, 
the com ripened, and in these conditions the plants evaporate much less 
water, and therefore the rains are lees frequent and copioua 

Id the wooded region of the north evaporation from the leaves of 
trees goes on the whole summer, the best conditions for rain being in 
Jnly, the hottest month. In the United States the conditions are simi- 
lar. The country east of the Rocky Mountains is also principally one of 

* To be publUbed in tha " Sapiskl " of the KnsBian OooKTspbical Society ; $lao, 
"ZeiUcIiriftdvrj>sterreicbiscbeaGeBaellach&ft fUr Meteon>logie,''yeftt 1B71, p. 193. 
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Rumtner raios, bat ia tbe prairie States the maximnm of falling water is 
reached earlier ; so in Missonri and Kansas there is a marked maximum 
in June ; farther to the south even iu April and May, which is dne to 
the earlier vegetation. Id the wooded Atlantic sea-board, on the con- 
trsiry, there is no snch tendency to an early maximam, the raina being 
very equally distributed in the Northern States, and having a maximum 
iu July or August in the South. 

Besides the above stated difference between the north and south, 
there is a marked one between the east and west of Russia. Precipi- 
tation in wiuteris much less in the former. This is not due to the differ- 
ence of the cnrrents of the air, but to the winter cold, which is greater 
in the east. The warm, moist southwest winds contain little vapor iu 
Eastern Russia, and therefore the quantity precipitated cannot he great. 
Yet snow falls occasionally, and in small qnantities, even at Jakutsk, 
which has the coldest/vinter of which we have any knowledge. Snow- 
falls have been observed there at temperatures of from — 40 to — 46 Fahr. 
The rainfall of summer does not diminish generaJIy from the Baltic to 
the Obi in Siberia. Local circumstances seem to havea great influence 
on the summer rains, but their study requires many more observations. 
There are also two small regions with prevailing rains in autumu^-oue 
on the Baltic coast, comprising Southwest Finland and Libau ; another 
in the southern part of the Crimea, south of the Jaila Mountains. 

3. Nearly rainless region of the Caspian and Kirghez steppes. Here 
the amount of rain falling yearly is from 4 to 6 inches, and is very irreg- 
ulprly distribnted. It is an arid, desolate conutry, in which agricaltnre 
is impossible without irrigation. The boundary of the region of sum- 
mer rains No. 2 is very clearly marked OD the west. It is the high, right 
bankof the Volga from 50° to 48° N^., and aline of heights called Jergeni, 
forming its continuation to the south, extending to the Kuma-Manytsch 
depression, abont 46° S. On the south of this depression the plateau 
of the Western Caucasus rises, and its eastern border is also the line 
of division betwe^ the two regions, the eastern being low, salt, and 
desert; the western having regidar summer raius, and a luxurious nat- 
ural grass vegetation. A great part of it is already under cultivation, 
yieldiug excellent corn-crops. 

The mountains of Central Asia hare more raius than the steppes at 
tlieir foot, and the rivers descending from them are extensively used 
for irrigation. The inhabitants are well aware of the benefit of this sys- 
tem, and, though not very civilized, have excellent modes of irrigation. 
The whole of Central Asia, as much as we know of it, has a similar cli- 
mate, the setlentary inhabitants gathering aronnd mouutaiu streams, 
and often draining them to the last drop for their fields. 

4. East of this country is the monsoon regiou of Eastern Asia, with an 
enormona prevalence of summer rains. The principal features and ex- 
tent of this region have been already described. These are the four 
principal regions from the Baltic to the Pacific. The floods of the riv- 
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ers funiisb ns also meaaa of diatiogaisbiug the Enropeaa climate from 
that of tlie Pacific slope. All great rivers of Europeaa Bussia, as also 
the Obi aud JeDisstti, bave oae principal dood io Ibe year, after the melt- 
ing of the winter snow. The rise of water is more or less protracted, 
owing to Ibe climate and extent of tlie basin, so that the highest stage 
of water is reached as late as the 15tb of Jane by the Volga at Astra- 
chan, owing to the late melting of the snow on the western slopes of 
the Ond and the enormous distance the water has to pass from thence 
to Astracban. 

The summer rains ore not long enongh continned, and too local to 
have great inflaeuce on the rivers. 

The Angara Biver, tribatary of the Jenissei, does not lise generally 
in spring, the quantity of snow falling there being too small. Bat 
sometimes the river and Lake Baikal, which it traverses, rise very high 
in sammer. The Amoor has also no great flood, <lae to the melting of 
snow, bat rises very high sometimes in sammer. The disastrons flood 
of 1872 will long be remembered by the inhabitants of the country. 
The rivers of China have also floods, due to the spring aud summer 
rains, and, like all rivers in such condition, their floods are very disas- 
trous and irregular. 

The Caucasian provinces, thoagh of small extent, show great differen- 
ces in the quantity and character of their rains. South of the principal 
chain we must distinguish three principal belts : (1) that ot the eastern 
coast of the Black Sea, a country of very copious precipitation. It in- 
cludes Mingrelia, laieretia, Ouria, and Abcbasia, being bounded oa 
the northeast by the principal chain of the Gancaaus, and on the east 
by the Suram Mountains, separating Imeretia from Grusia. About 60 
inches fall in the year, which is tolerably well distributed, the maxima 
being in June and December. A warm climate and copious rains pro- 
duce a rank, luxurious vegetation, having some features of that of the 
tropics. Climbing plants are especially favored by the climate, and the 
trees of Central Europe attain immense dimensions. (2.) Onisia has a 
less rainy climate, the maximum failing in May. Irrigation is foand 
much necessary in the valleys, while the mountaia-sidea, from 3,000 to 
5,000 feet high, are clad with forests. The maximum of rain-fall in May 
is strongly marked, this month at Tidis having also the greatest number 
of raiuy days aud the greatest amount of cloud. On the higher plateau 
of Armenia, 4,800 feet, May is also the rainiest month, as it is due north 
of the Caucasian chain at Alagir. (3.) The western shores of the 
Caspian have 8nb'tix>pical rains — that is, the greatest quantity falls in 
autumn and winter, while the sammer is decidedly dry. The distribu- 
tion is nearly the same along all this shore, while the quantity varies 
much ; Lenkoran, for example, baa more than 50 inches, while Baku has 
only 10. The vapor coming &om the Caspian, places having mountains 
to the westward receive copious rains. Lenkoran has a similar position, 
the Talysh Mountains rising from 5,000 to 7,000 feet due west of the 
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town. Bakn is situated in a low, arid coantry nortb of tfais place. 
The viciuity of Kuba and Dcrbent bas mncb more rains, becaase tbe 
ramificatioQBof the high Shab-Dagb approach the Caspian. This coantry 
has magnificent forests and very favorable conditions for agricnltore, 

I have akeady said that the opening and freezing of rivers was lon^ 
ago observed in Bnssia. These data give qs the means of ascertaining 
something of climates where no thermometrical observations have been 
made. 

In the following table the rivers are arranged according to natnral 
basins. Tbe princii>al rivers are taken from their eoorce to their month, 
anH their affloeots afterwards. 

Number o/ iagt tlte rirars vert frotm. 

BASIK OF THE PACIFIC. 

Amoor at Ktco](^«Tefc - 193 

OnoniiearNertobiDsk 170 

BASIN OF THE ARCTIC. 

TanaatU8tyan8k,70ON 260 

Lena at Kirenak, 57° 804 

Lena at YakoatBk, 62° 304 

Yeuleei at YeniBBelsk, 58° 171 

Angara at Irkoatak, 52° ST 

Obi at Barnaul, 53° 167 

IrtisU at Tubobk, 58" 173 

Tom atTorask, 5^ 1>W 

Tobol at Kurgan 171 

8aBvaatBeresov,64^ 207 

Inet at CatberlnebDrg 179 

Patchora at its mouth, about 340 

■ Dwioaat Archoagel.ee" 191 

Sachonaat Ua^ng 168 

Wytacbugda at Jarensk 132 

Wologdft at Wologda, 59° 170 

Onega, 64° 109 

Tunaat UbiJoki, 69o 1« 

BASIN OF THK BALTia 

Eeml near Tones, 66° 207 

EnoutekoiB, 68° 988 

Uleo at Uleaborg, 65° 801 

Neva at 8t. Petersbnrg, 60° 147 

Narova At Noiva, 59° 137 

Embach at Dorpat, 58° 131 

Dnloa atWitubsk, 56° 134 

DwinauC Rigxs 57° 126 

Niemeo at Kovno, 54° 90 

Tislnlaat Wareaw, 6S° .1 65 

BASIM OF THE BIACK AKD AZOV SRA8. 

Danube at Galati, 45° 48 

Doeper at Kiev, 50° « 
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Deeper at Catherineael&T, 48° , 91 

Daeper at KberHoa, 46° 60 

SoBch &t Gomel, 52° 123 

Bereiinft nt BorisBov, 64° 129 

Pripet at TaroT, 58° lOTi 

Don at ITat-Medvedizo, 49° 135 

DonatAkMl, 47^ 1(7 

Woroneje at Worooeje, 58° 1:IG 

Lopaa at CbaikoV, 50° ; 127 



Wolga at Tver, 56° 147 

Wolfcaat Yaroelav,5e° 158 

Wolga at KoBtroma, 58° ■ 161 

Wolga at XaBsn, 56° ,-. 153 

Wolga at Samara, 53° 150 

Wolgaat Saratov, 61° 138 

Wolga at AHtrakhan, 46° 99 

Oka at Orel, 53° 130 

Jua at TamboT, 53° 146 

Kama near Dedjncbin IBO 

Kama at Usaolje, 60° 176 

Kama at Perm, 58° 160 

Kama at Jolabnga, 56° 160 

VJatkaat Vjatka, 58° 163 

Hieloja at Ufa, 55° '. 156 

■ Ural at Oreobiirg, 51° 164 

B4MN OP THE ARAL SEA. 

Syr-Daria at Kho4Jent-, 40° 

SjT-Daria at Jt. Porovski, 45° 98 

SiT-Dariaat Kasalinsk, 46° 123 

Tlie time of opening aod closiug of rivers depends not ouly on tbe 
intensity and duration of fVost, bat also on many local conditions, as, for 
example, the strength of tbe cnrrent. On this account the Angara at 
Irkutsk is frozen ouly half the time it would be if itscurreut were not so 
very strong. This river very seldom freezernear Lake Baikal, aud at 
Irkutsk tbe freezing begins at tbe bottom. Bivers of such an exceptional 
character are seldom met with in Bassia, as the greatest part of the 
country is a level plaiu, only slightly undulating. There seems not to be 
a very great differeuce in the time at which large and small ri\'ers are 
frozen ; the former freeze and open a little later. Great and deep bodies 
of water are not so easily cooled as small, and bo great rivers freeze later. 
The later opening in spring has a different cause: The ice of the smaller 
rivers is broken by the iurnsb of water tbim melted snow. The channels 
of great rivers do not fill so rapidly and their ice mast be more worn 
before it breaks. The Volga at Saratov, where it carries an enormous 
body of wat«r, and the Oka at Orel, where it is a very small river, are 
covered with ice nearly the same number of days. But the Volga is 
ilrozen only from tbe Stb of l>ecember to the 19th April, while the Oka 
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freezes tbe 25th of Kovember and opens the 4th of April. It is thns 
closed thirteen days earlier and opened fifteen days earlier than the 
Volga. 

The rivers are fW>zen a mnch longer time in Eastern than in Western 
Bassia ; for example, at Orenbnrg the river is one hundred and sixty-foar 
days covered with ice ;- at Tnrov, in the same latitude, the river is one 
handred and seven days frozen, and at Warsaw only eighty -Ave days. 
The duration of cold weather is the principal feature of the clituate t« 
be considered. Furthermore, extremes of cold seem to have very little 
influence; for example, in the winter of 1870-'71, the coldest of this 
century, the Neva firoze seven days later and opened teu days earlier 
than is generally the case. lu this winter the cold was restricted to 
the months of December, January, and February, the mouths of Novem- 
ber, 1870, and especially March, 1871, being comparatively warm. 

Au extensive collection of data relating to the freezing of rivers, 
lakes, and bays is in progress in Bussia, It is the work of Lieutenant 
Bikatschef, who presented bis plan to tbe Geographical Society in tbe 
beginning of 1870. Circulars asking for such observatious were sent 
to every part of tbe empire, and it was also thought necessary to extend 
the work to foreign countries. I am happy to say that this plan received 
the hearty assistance of the late Professor Coffin, and of Professor 
Uenry, who tried to obtain all available data from North America. 

I have now briefly stated the most important facts relating to the 
meteorology and climatology of Bussia, and will end with expressing 
tbe hope that the practical application of science to weather-forecasts 
may soon extend te my country, and that thus telegraphical weather- 
communications may encircle the globe. Everything that is useful to 
mankind spreads so rapidly in our day that we shall probably see at 
DO distant date, difficult as it may seem, tbe system extend even to 
countries nearly desert, such as Easteru Siberia and Alaska. We shall 
then see our Baltic harbors warned of the approach of Atlantic storms 
many days before their occurrence, while the Bussian staiioos on the 
Pacific will at the same time render a similar service to Galifomia and 
Oregon. 

I mention here some of the principal sources of information relative 
to the meteorology and climatology of Bussia, especially those published 
in German or French, which are more generally known thau the Bussian 
language. 

Annvaire moffn^que et mitiorologique, frcm 1837 to 1848. 

Awnalet de Vobeervatoire physique central, firom 1840 to 1864, contain- 
ing tbe detailed, partly horary, maguetical and meteorological observa- 
tions of the great stations. 

Correepon^neem^t^rologique, from 1850 to 1864 quarterly, daily means 
of all stations in correspondence with the physical observatory. 

Annalen de» phystkalUchen Central-Observatortums, (Kussian and Ger- 
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man,) for 1805, 1866, 1SC7, 1S68, 1870, and 1871, tri-d ally meana of the 
meteorological elements. No magnetical observations. 

Beperiorium fur Meteorologie, edited by tbe geograpbical BOciety,re- 
dacteur, Kamtz, 1858 to 1863 ; a very important source of ioformatioD ; 
Talaable contribations by Kamtz and otber scientific men. 

Bepertorittm fur Meteorologie, edited by tlie academy of sciences, re- 
dacteur. Dr. Wild, containing works on tbe climate of Itussia by bim 
and bis assistants, appears since 1870 irregQiarly. 

WestelotkPg " klimate Rogiiie," (on tbe climate of Bossia,) 1857. A. 
very importitnt source of information. 

The works of tbe gcographioal society eotttaiD a great deal of infoma- 
tJou, espedally some of the older volnmes of tbe memoirs, (Sapiski,) and 
tbe year 1871 of tbe " Jsvastia." A new volume of the memoirs now 
' in prim is devoted entirely to meteorologj. Tbe publications of tbe 
Cancasiao and Siberian branches of tbe society sbonld also be men- 
tioned. Tbe only volume edited by the new Orenburg section, coataius 
an important contribntion by Mr. Ovodof on tbe winds of Orenbarg. 

The Bulletin de Ui Soci&i dea naturalists, &c, of Moscow, contaios 
meteorological observations of Moscow from 1841 to 1855, and from 1861 
to 1872, as also meteorological contribntious of a more general kind. 
Mediko-Topograftscketki collection, edited by the medical department 
of the interior, two vols., 1870 to 1872. Tbe " Zeitwihri/t der osterrei- 
chiichen GeselUcha/t fur Jtfeteor&tofTte" containsmany papersrelatingto 
the climate of Russia. I mention only tbe tables of temperature in 
tbe year 1870, Xos. 10, 11, and 15. 

Tbe Bulletin and the Memoirs of the Academy of Sciences of St 
Petersburg contained much intbrmatiou in former times; for example^ 
Abich's coutributions on tbe Caucasus, iu tbe years 1840 and 1850. 
Since tbe foundation of tbe " Repertortvm far Meteorologie,'^ in 1870, the 
meteorological contributions appear there. 

Tbe important works of Dove on temperature, of Bnchan on mean 
pressure aud winds, of Coffin, on tbe winds of the northern hemisphere, 
l>ublisbed by tbe Smithsonian Institution, as also Hann, " Unkmt- 
chungen ueber die Winde der nordlichea SemiapMre," contain valnabie 
information about Russia. 

The publications of tbe universities (Utscbcnija Sapiski, Jsvastia, 
&c.) contain much information, especially in former times, when the 
centralization of the pnblicatious relating to meteorology was not yet 
begun. 

Observations are also often published by newspapers, but it would be 
too much to mention tbem all here. The same may be said of some 
special and old works. 



itizecy Google 



PHENOMENA MAKIFESTED IN TELEGRAPHIC LINES DURING THE 
GREAT AURORA BOEEALIS OF FEBRUARY 4, 1872; AND THE 
ORIGIN OF NORTHERN LIGHTS. 



By Profbssok G. B. Donati, 
iSiQwHnfendnl of lie AtiTommdial Obtemator^ at FUtrmux. 



[Translated from the Italian for tbe SiuitbsoDiaii liuUtatioa iioiii the Rivista Scien- 
ti fioo-IuduBtriale. ] 

It 16 not necessary for me to give a deacriptiou of tiie lumiaons phe- 
nomena maaitestad during tbe gi:eat aurora of tbe 4tb of February last. 
So many descriptions of these have been publi^ed, that it is very easy 
for aoy one to obtiiiu informatiou on tbe subject. But it will not be 
unnecessary for scientific purposes to make known the results derived 
from the observations which during that exhibition of northern lights 
were made in the various telegraphic offices of this kingdom, and to 
compare those observations with otbers made contemporaneously beyond 
Italy. Id doing this 1 am indebted to tl^e favor of Mr. Commeudator 
D'Amico, director-general of the Italian telegraphic lines, who furuished 
me with all the observations made by his subordinates on that occa- 
sion. From the aggregate of those obserratlous, the following conclu- 
sions, 1 think, may safely be drawn : 

The fitful currents and the corresponding pertorbations manifested 
along the telegraphic lines, on tbe occasion of the aurora of February 4, 
were greater on the lines extending from east to west than on those ex- 
tending from north to south. This was the case even when the lines 
running from east to west were much shorter thau those from north to 
south. Id fact, Inspector-General Masi, who was at the office of Bag- 
nara, Calabria, from his accurate observations conclades that tbe line 
from Bagnara to Naples, which runs almost entirely along the meridian, 
and which is the longest of all the lines that meet at Bagnara, gave by 
the needle of the galvanometer the least deviation of all other lines. 
And that, on the other hand, the line from Bagnara to St. Eupbemia, al- 
though shorter, hut mnning almost exactly from east to west^ sboved 
the influence of the aurora more thau any other line. The same condu- 
Biou is drawn from the observations made in Sardinia. On tbe lines 
team Cagliari to Iglesias, and i^om Santa Teresa to Isola Madalena, 
both very short lines and running from east to west, the perturbations 
were greater than on the long lines from Santa Teresa to Cagliari, both 
the latter lines running from north to south. This fact had l>een noticed 
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by General Masi and entered in his uiinntes on the ezliibitioa of the 
aarora on tbe 24tb of October, 1870, and vaa also observed by Messrs. 
Sareaa and H. Tarry aloug the French lines. • 

The changes of direction as well as tbe changes of intensity which 
the cttirents that ran over the telegraphic wires underwent, were very 
great dnring tbe aurora. The pertarbationa produced by tbe anrora 
began to be noticed on the Italian lines at 4 o'clocb 30 minutes p. m. of 
the 4th. The maximum of the current manifested itself at 6 o'clock 31 
minutes, and in that moment tbe current changed its direction suddenly. 
Another maximum somewhat less than the preceding manifested itself at 
6 hours 37 minutes. At 6 hours 52 minutes tbe needles of tbe galTauome- 
ters remained stationary for about 3 minutes. Toward 8 p. m. the pertur- 
bations lost much of their intensity, and after this no perturbations toot 
place intense enough to obstruct the transmission of dispatches. Not- 
withstanding this, the luminous phenomena, taken as a whole, though 
very variable, were not less splendid from 8 to 10 than they had been 
from 6 to 8. Mr. Masi in his account of the phenomena states as fol- 
lows: " Looking at my compass, and at tbe same time at the luminoos 
phenomena, I observed that tbe deflection of tbe compass increased 
with the increase of the luminosity at the northwest and decreased with 
its decrease." Mr. Masi's remark of tbe correspondence between the 
deflection of tbe needle of the compass and tbe luminous variations of 
the aurora in tbe northwest may be true, but it seems to me, from tbe 
examination I have been able to make of the various observations, that 
tbe intensity of tbe lumiuooa phenomena, considered as a whole, was 
not proportionate to the amount of the perturbations. Indeed, I think 
that the magnetic perturbations on the telegraphic lines preceded in 
time the luminous phenomena. 

Mr. Masi was led by his observations to think that, on the telegraphic 
lines which were situated much above the level of the sea, the phenom- 
ena produced by tbe aurora were manifested sooner and with greater 
energy than on lines less elevated. And also that on tbe latter lines 
the phenomena exhibited themselves later and with less intensity. Mr. 
Masi, however, adds that we have not a sufficient number of observa- 
tions to consider this as an established fact, but that it deserves atten- 
tion in the future. 

Tbe time given above is mean time at Kome, and it would be very im- 
pOTtant to ascertain whether in other lines, diflisring considerably in 
longitude from the Italian lines, the same phenomena manifested them- 
selves, and exactly at what time. Mr. H. Tarry, who attempted to 
ascertain this circumstance, says that the magnetic perturbations which 
took place ou the telegraphic lines manifested themselves at tbe same 
time in Italy, France, and America, within perhaps one minute's diffcr- 
enccf 

* Compt««-rendna de I'AcadiSoiio Aea sciences, VoL LXXIV, page 484. 
t Compt««-ren(lus, Tot LXXIV, page 519. 
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But tlie facts on wbicb he bases his cooclaaion seem to me too gen* 
eral and too fev, »nd that we require more particular and more numer- 
ous observations before accepting bis statemeut as that of an estab- 
lished face Mr. Tarry also adds that " in the telegraphic line from 
Brest to Paris, from 5b. 55m. to 6 o'clock p. m. (Paris time) there were 
two very singular waves. The defleetioQ of the needle at first increased 
progressively from 0° to + GVP, Then there was for one minute a firm 
adherence of the armatare of the telegi'aphic instrument, with per- 
sistent deflection. After this the needle went gradually down to 0, 
then up to + (MP, where it remained one minute. At six it jumped 
suddenly from -f 60° to - 60o.' 

I have tried to ascertain whether in the interval of time which cor- 
responds to between Oh. 53m. and 6 o'clock, mean time of Paris, there 
were any observations made in Italy, in order to compare them with 
those made in France, and I find that from the observations made at 
Borne by Messrs. Perelli and Gotti, on the line from Rome to Milan, and 
from those made at Florence by Messrs. Donalisio, Guidi, and Gabrielli, 
on the line from Florence to Turin, the following table can be con- 
structed : 

Line from Borne to SIilan.i 

Mean time of Paris. The needle of tbe gftlTiuiODiet«r, at 1000 tarns. 

From C" 55" to Sf' 57", moves gradually from — 62° to + 78° 

5 57 5 67.5, passes rapidly from +78 —60 

5 57.5 5 58, " " " -50 +73 

5 58 5 58.5, " " " +73 -65 

5 5S.5 5 59 almost stationary between +73 — C5 

5 59 6 00.5, rashes over zero to +60 

Idne/rom Florence to Turin. 
From S'' 55" to 5'' 56", oscilates and goes rapidly from — 80° to + 80° 

5 57 moves rapidly from +80 —60 

5 58 " " " — 60 +75 

5 58.5 moves from +75 — 65 

To 6 00 almost stationary towards —70 

then jnmps violently to +10 

In comparing tbe preceding observations with those reported by Mr. 
Tarry, it seems as if we may conolnde that both in Italy and in France 

"Comptea-TeDdnB, Vol.LXXIV, page 4B4. 

ITbe lioe from Eoma to Milan paaaes tbrongb Foliguo, FloroDce, Bologoa, and Ho- 
cenza. Tbe line from Florence to Tario paages tbroiigh Empoli, Piao, Bpczia, Genoa. 
Tbe Ctm* of tbe Italian observatiooa are rednced to mean Parie time, by BubtractiDg 
40™, from tbe time indicated by the obaervers of Home and Florence. The observa- 
tioDs made at Rome are preceded by tba followiog notice. It being knoirn on which 
aide the needle ie deflected when Borne sends a positive cnneut, the deflection ob- 
served on tbe opposite quarter is maiked thus, (+) and tbat on tbe same quarter ia 
marked tbas ( — .} The resistance of the galvanometer used in Florence was 101, and 
that used at Home 104 Tiemens units. 
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irom 5^ ^5 to 5'' .57 (meaa time of Paris) there was a gradual movement 
of the needle ; that after this there occurred sadden leaps, and that at 6 
o'clock the needle remained Btationary for sboat oue minute ; after this 
rest the needle moved violently, 

Mr. Tarry reports that at 5''.28°' the needle Jumped in France from 
— 40°t;o+ 6(P. At that time the galvanometer had not as yet beeu ased 
by the inspectors at the ofBce of Borne, but I find that the needle of the 
common compass nsed by telegraphists jumped in Rome from + 20° to 
— 220 at 5''.27". Mr. Tarry also reports that at S^.Si" the needle of the 
galvanometer moved suddenly in France from — 40° to 4- 50; and I 
find that the needle of the common compass at Borne moved from + 
30= to — 260 between B'-.SO'" and 5''.37". 

ISo comparison can be instituted with the observations mode in Florence 
dnritig the the above-mentioned time, for observations in that city com* 
menced later. They are all given in mean Paris time. 

Mr. Conmbary, director of the observatory at Constantinople, wkys that 
on the lines of Turkey, toward 7''.35'° the current was reversed and be* 
came positive, showing great intensity. Judging from the whole of his 
remarks, it appears that at the above-mentioned time the greatest per- 
turbation occnrred, which mauifest«d itself on theTurkish lines.' I have 
already said that the Italian lines had reached their maximum at C^-Sl*", 
(mean time of Borne ;) if the time stated by Mr. Gonmtmry is given in 
mean time of Goustaotinople, (as is presumable,) then the greatest per- 
turbations on the Turkish lines manifested themselves at 6''.29"' mean 
time of Bome.^ 

Mr. Conmbary says that at o'clock (7''.54'° meantime of Borne) tele- 
graphic communication was resumed in Turkey. It has been already 
mentioned that in Italy perturbations on the lines became much weaker 
toward 8 o'clock, (mean time of Bome.) So that it seems that the great 
Iierturbatious ceased contemporaneously in Italy and in Turkey. From 
what has been stated it appears that we may conclude with Mr. Tarry 
that the perturbations on the telegraphic lines took place, as a general 
rnle,^ umuItaneoQsly. On this important point, however, more extensire 
researches are needed, and with more {tarticulars than have hitherto 
been given ; inasmuch as the perturbations on the telegraphic wires 
followed each other almost continuously, and errors, however small, in 
the times noted, or in the deflections observed, might make acoincidenoe 
appear where there was really none. 

To prove the general 8imultaneou»ne»s of the electrical perturbations 
which manifest themselves in the electrical telegraphs in auroral mani- 
festations, would be the much more important, inasmuch as it appears 
sufficiently proved by experience that the luminous phenomena proceed- 
ing from auroras are not at all simultaneous, but manifest themselves 
first in the more eastern conntries, and then in the western. In support 

* CompteB-rendns, Vol. LXXIV, page 828. 

t CoDstutiliuoplo in eEist from Bome about 1^.0^. 
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of the above view, Professor dmstead cites maoy facts in a learned 
essay, pablislied io the couiributioos of the Sinithsonian Institution of 
Aonerica. Mr. Tarry also has noted a aimilar fact in the great aurora of 
February 4, 1872, while comparing the times in which the InmiDOOH phe- 
nomena were seen ia Europe tvith the times ia which they were seen in 
Daxbnry, near Boston.' 

To this I can add that the Italian consnl of Cyprus addressad a letter 
to his excellency oar miuiat«r of foreign affairs, which was kindly com* 
mnuicated to me, from which it appears that Uie Inminons pbenoniena 
of the aurora of Febraary 4 last were very conspicaoas at Cyprus, that 
tbey became feebler toward 10 o'clock, (local time,) and after that disap- 
peared almost entirely. At Paris, also, tbe luminous pheuomena of the 
same aurora were very virid till 10 o'clock, (local time,} then became 
much weaker, and disappeared almost entirely. Now, as Cyprus is about 
two hoars east of Paris, it follows that in absolute time tbe luminous 
phenomena of tbe anrora ceased at Cyprus two hours before they dis- 
appeared in Paris. If it were not so, and tbe light of the aurora borealis 
bad been very bright at Cyprus at tbe same time that it appeared very 
splendid in Paris, instead of beginning to decrease in tbe latter place 
at 10 o'clock without any further increase of brightness, it ought to have 
continued in its splendor till after midnight. 

Kow, bow can we explain the fact that the luminons phenomena of 
the anrora borealis appear first in the east and after in tbe west 1 T&e 
theory that the anrora is nothing else but a slow electrical discharge, 
which t^^es place between the upper and the lower strata of our atmos- 
phere, is well known, generally admitted, and confirmed by the beauti- 
ful experiments of De La Bive. On this point there can be very little 
doubt at present. But is this a complete explanation ; that is, does it 
give a reason for all the circumstances which accompany tbe aurora bo- 
realis 1 Besides the circumstance that tbe luminous phenomena of tbe 
anrora move, so to speak, from east to west, there is another very im- 
portant one which must not be overlooked when we are seeking for an 
explanation of these phenomena as satisfactory as we can obtain. The 
late researches made by Professor Loomis prove that in latitudes which 
are not very high the number of auroras and their luminous intensity 
has a maximum and a minimum about every ten years ; and this fact is 
also confirmed by an examination which I have undertaken of an ex- 
tensive series of observations existing in this observatory, in which tbe 
exhibitions of auroras are accurately recorded. Although the theory 
which regards the aurora borealis as the result of slow and prolonged 
discharges of electricity is phgHcally complete, and explains fully the 
electrical and laminons phenomena, it does not seem of itself to give 
a satisfactoiy reason either for the periodicity of the auroras or of 
the successive progress of tbe phenomena from east to west. That tbe- 

'DeniBon 01mat«ad, SmitbaoDian CoDtnbatioDS Jniiiiarj, lc)i>5, pi>. 44-45; H. Ton;, 
Comptee-rondiia, Vol. LXOV, p. 549. 
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ory may still be adopted as general expositioD of tbe phenomena, al- 
tliougti it may require to be supplemented with additional hypotheses. 
It seems to me that thid can be done by admitting, with 8ir John Her- 
scbel, that between the snu and the i)lattet.a there may be an interchange 
of electrical currents. In such a case these oarrents will be at different 
times more or less intense, according to the position and tbe distance 
which the planets occupy in space with respect to the snu and to each 
other ; and on this account the resulting phenomeua will be subject to 
a periodicity. If we admit that between the dlffereut bodies of our sys- 
tem there is a continuous exchange of electrical action, that is, if we ad- 
mit that there exists a cosmical electricity, the former may combine with 
the natural electricity of the earth, and produce almost constant auro- 
laa at the poles, where the terrestrial magnetism is more energetic ; then, 
if from any cause whatever the cosmical electricity increases, the north- 
ern lights may increase correspondingly, so as to become visible even in 
places very distant from the poles. 

If the exiatfiuce of cosmical electrical cnrrents is admitted, we may 
also imagine that in certain cases an electrical discharge takes place 
toward the sun or from it; in such a case we can conceive that certain 
phenomena can occnr only in such places as have a certain direction and 
a certain position with respect to that discharge. Consequently such 
phenomena will make themselves visible successively under the differ- 
ent meridians, according as, by the diurnal motion of the earth, they 
come to occupy successively tbe same position and the same direction 
with respect to the discharge which we have imagined. It is true that 
we have no direct proof of these cosmical electrical cnrrents, but it is a 
Tory old idea, put forth by Galileo, Kepler, and many other philosophers, 
that the son and the planets may be magnetic bodies, and why not 
electrical as well as the earth t and if this is the case, (which seems very 
natural,) it may also be admitted that tbrongh that etber which is gen- 
erally admitted as filling the nniverse, there may be an interchange of 
electric cnrrents between planet and planet, and between tbe planets 
and tbe snn. 

Sir John Herschel, in a note at the end of the fifth chapter of bis 
astronomy published in 1833, writes as follows : 

"Electricity traversing excessively rarefied air or vapors gives ont 
light, and, doubtless, also heat. May not a continual current of electric 
matter be constantly circulating in tbe sun's immediate neighborhood, 
of traversing tbe planetary spaces, and exciting, in the upper regions of 
its atmosphere, those phenomena of which, on however diminative a 
scale, we have yet an unequivocal manifestation in our aurora borealis t 
The possible analogy of the solar light to that of the aurora has been 
distinctly insisted on by my father, in his paper already cited. It would 
be a highly curious subject of experimental inquiry, how far a mere re- 
duplication of sheets of flame, at a distance one behind the other, (by 
which their light might be brought to any required intensity,} would 
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communicate to the k^at of tlie resulting coinpouud ray tbe penetrating 
character whicb distingnishes the solnr calorific rays. We may also 
observe that the tranquillity of the snn'a polar, as compared with its 
equatorial regions, (if its spots be really atmospheric,) cannot be ac- 
counted for by its rotation on its axis only, but must arise from some 
cause external to the sun, as we see tbe l>elts of Jnpiter and Satnrn, and 
oor trade-winds, arise from a cause external to these plauets, combining 
itself with their rotation, which alom can produce no motions when 
once the form of equilibrium is attained. 

'*The prismatic analysis of the solar beam exhibits in the spectrum a 
series of fixed lines, totally unlike those which belong to the light of 
any known terrestrial flame. This may, hereafter, lead us to a clearer 
insight into its origin."' 

Though science cannot prove directly that electrical currents travel 
through the planetary spaces, yet there exist not a few data which 
seem to indicate sufficiently that certain phenomena which take place 
in the snn and the planets depend on the distance and the position of 
tbe latter with respect to the sun and with respect to themselves. 

Gidileo, in one of his letters, says : *' The fact that the spots of the 
sun are on that belt of the solar globe which is under that part of the 
heavens through which tbe planets travel, and nowhere eltie, is an indi- 
cation that those planets may have something to do with that result "t 
This suggestion of Galileo, that the phenomena of the solar spots may 
have some connection with tbe position of the planets, has remained 
unnoticed for nearly two centuries and a half, until lately new facts 
have come to light which indicate its importauce. 

IU'1859, Mr. Wolf undertook to investigate whether the phenomena 
of tbe solar spots varied with the distances of the planets from the sun, 
and he reached results which generally tend to prove that, with the 
change of those distances, and esp:>cially with those of Jnpiter, the 
number of solar spots also changes within certain limits. Mr. Carring- 
ton, in his work on the solar spots, published in 1863, presented the 
results of a similar research, and having determined tbe numbe'r of solar 
spots observed every year from 1750 to 1860, he compared them with 
the distances of Jupiter fix>m the snn, and conclndes that according as 
Jnpiter mores away trom tbe snn tbe number of solar spots increases, 
and when Jupiter approaches the sun the number of spots decreases. 

Professor Loomis has lately announced that the decennial period of 
the solar spots, instead of corresponding with tbe distance of Jupiter 
alone, has a nearer and more regular correspondence with another 
period which can be found by comparing together the movements of 
Jupiter and of Saturn. These two planets, in fact, occupy in space 

* A remarkable predictioa, well wortbj of ftttoalion aa bd evidenoe of tbe sagacity 
of thie eminent Bavanl to whom it is due.— J. H. 

t Lettera seconda di Galilei a Marco Valaeri ; nnovameDte pabbUcata dal Piof. P. 
TolpiceUi. Roma, tipograQa delle SeUe Arti, 1S60. 
208 
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SQch positions that every ten years Jnpiter is either in conjaoction or 
in opposition with Satom. Other relations seem to exist between tlie 
solar spots and the positions of the planets. Messrs. Do LaBne, Stewart, 
and Loewy, ia a series of essays, which they pablished together from 
1&45 to 1848, concerning the physics of the snn, have shown that the 
spots of this luminary (irrespective of their uatnber) increase in size 
when, by means of the solar rotation, they are carried farthest fh>Di the 
l>lace which Venas occupies in space, and that they diminish in size 
when they aproach that planet Mars also contribntes to the increase and 
decrease of the size of the solar spots in the same way that Venns does, 
but his influence is less powerful than that of Venus, perhaps on ac- 
count of bis greater distance fl-om the sun. Mercury seems to possess 
somewhat of a similar influence, which, however, shows itself less dis- 
tinctly on account of the rapidity with which he moves round the sun. 
The position as well as the size of the solar spots depends on the place 
occapied by the planets in space. When Jupiter and Venus, in their 
orbital motions, cross the plane of the solar eqnator, then the spots 
appear nearer the same eqnator ; and, on the contrary, when these two 
planets occupy positions distant from the sun^ eqnator, then these spots 
also appear farthest from the same eqnator. 

From some observations made on the occasion of the solar eclipse, 
December 22, 1870, Professor Serpieri concludes that the protuberances 
which emerge from the sun during the eclipses are directed toward the 
planets. In fact, he observed one protuberance bending toward Satnm. 
Serpieri's conclusions seem confirmed by other observations made by 
Professor Tacchiui, who, on the 27th May, 1871, saw, while the sua was 
shining, one of those protuberances, which seemed directed toward a 
group of planets. But if the number, the position, and the size of the 
solar spots depend on the positions of the planets, terrestrial magnetism 
must be dependent on the same ; for it is established, with considerable 
certainty, that the phenomena of the variations and perturbations of 
all the magnetic elements are also connected with the solar spots. Con- 
sequently, (to resnme the subject which more especially concerns us,) 
the auroras also may somewhat depend ou the relative i>ositions of the 
plauets, and therefore they are subject to periodicity,^and also advance 
from east to west in the way and for reasons already mentioned. 

[The remainder of the paper of Professor Donati is occupied with » 
defense of his claim to the foregoing hypothesis, which, being of no in- 
terest to the readers of this report, i» omitted. It is proper, however, to 
remark that, in this translation, the expression electrical currents has 
beeu substituted for the phrase magnetic currents, used by the author. 
The reasons for this change are, because this is the term used by Sir 
John Herschel in the quotation from his astronomy by Professor Donati, 
and furthermore because there is, strictly speaking, nothing in the phe- 
nomenon of magnetism to which we cauapply tbeterm current, or a trans- 
ference of magnetism from one body to another, as is the case in tlie phe- 
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nomenon of an electrical discharge. If we rightly uaderstand it, the 
theory given iu this essay by Professor Donati is, that the sao aud the 
planets, including the earth, are electrical, and that electrical discharges 
may take place from one to the other. This hypothesis has the support 
of the fact that the earth is known to be a great charged condactor, per- 
manently electrified negatively, aud that the intensity of this electrical 
condition is varied from time to time by perturbations produced by ter- 
restrial, and, possibly, by cosmical causes. There is another theory ad- 
vanced by the distinguished physicist Balfonr Stewart, professor of 
natnral philosophy in Oweu's College, Manchester, according ta which 
the suu and planets, like the earth, are great magnetic bodies, with op- 
posite poles of greater intensity, subject to perturbations from cosmical 
or special caases, and that these poles, acting by induction on the mag- 
nittism of the earth, give rise to the movements of the magnetic needle, 
and to the induced electrical currents to which the appearance of the 
aurora is attributed. 

There is still another hypothesis proposed by M. Becqnerel as to the 
origin of the electricity of the atmosphere iind of the aurora polarts 
which has been modified by M. Faye. This hypothesis, like that of 
Herschel, refers the electricity of our atmosphere to the sun, and founds 
the conception of it on the constitution of that luminary as revealed by 
modem spectroscopic discoveries. From these discoveries the following 
conclusions have been deduced : 

1st. The sun consists of a nucleus, relatively obscure, having a tem- 
perature excessively elevated, and which is in a fluid state at least to a 
certain depth, 

2d. This nucleus,onaccountof the cooling by radiation, is surrounded 
by a terminated envelope which has the constitution ot a gas with par- 
ticles floating in or disseminated through it, of a solid or liquid nature. 
These minut'O particles radiate energetically as do the particles of car- 
bon in the flame of burning gas, and give to this envelope, which is 
called the photosphere, its name and its luminosity. 

3d. Above the photosphere is found the chromosphere, formed princi- 
pally of a thin layer of incandescent hydrogen. To this stratum appar- 
ently belong the protuberances which of late years have excited so 
much interest. 

4tb. Lastly, above the photosphere is found a fourih atmosphere, 
discovered during the last solar eclipse, which bas been named the cor- 
onal. This, which appears to be extremely rare, is very distinct from 
the chromosphere, although formed of the same gas, namely, hydrogen. 

The foregoing propositions are considered as facts immediately de- 
duced from the phenomena and well-established physical principles. 
Tlie hypothesis aa to the origin of this condition is that the nucleus of 
the sun, ae seen through the spots as a darker mass, is in reality much 
hotter than the photosphere — so hot, indeed, as to prevent the anion of 
the oxygen with the hydrogen and the vapor of other substances 
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wbose presODce is manifest b; the apectroscope. That tbe spots them- 
Belvvs are craters of eruptioDS tbroagb wbicb tbe dark gases issue into 
the chromosphere, aod being redncedin temperature combine, giving rise 
to intense ligbt on account of the vibrations of tbe solid or liquid parti- 
cles produced by this nnion. The hydrogen, being the lightest of all the 
gases, will be driven fiartbest from tbe center of the sun by its expan- 
sion, and will appear, as it is seen to do, in tbe form of the protubw- 
ances, wbich »re found to consist of this gas in a pore bnt highly attenu- 
ated condition. Now, although neither evaporization nor condensation 
of vapor produces electricity, chemical action does in a high degree; and, 
therefore, at every eruption of matter from the lower into the upper 
stratum of tbe sun, there must be a great development of positive 
electricity, the nucleus being negative. Whatever influence tliis elec- 
tricity may have on the electricity of the earth and the appearance of 
tbe aurora must be manifest at tbe time of the appearance of spots on 
the sou, and hence we have an hypothetical cause for the coBoection of 
two phenomena which have been established by Woolf and others. 

Dnt the question occurs, bow does the variable electrical condition of 
the sun affect that of the earth T Two answers may be given to this 
question : First, it may affect it by indaction, or action, at a distance. 
The redundant electricity of the surface of the sun, acting by repalsion 
on the electricity of tbe earth, tbns disturbs its equilibrium. Bat if 
tbe nncleos of tbe sun is electrified minus to an equal degree as the 
outer spheres are electrified plus, tbe two resulting actions would neu- 
tralize Cjich other, and tbe eflect at tbe distance of the earth would be 
nothing. 

M. Faye gives another suggestion as to the means by which tbe elec- 
tricity of tbe sun affects the electrical condition of tbe earth. He cMms 
to have found a repulsive force in the sun, of which he considers the 
existence strikingly manifest in tbe gigantic phenomena of comets. 
This force, unlike that of attraction, is not proportional to the mass but 
to tbe surface of the body repelled ; it is insensible in the case of dense 
bodies such as the planets, wbile it exerts very marked effects upon 
bodies which are greatly raiified, sucb as the nebulosity of comets and tbe 
outer hydrogen of tbe sun. A small portion of this latter, according to 
M. Faye, at every eruption is driven off into spac^ carrying with it its 
charge of plus electricity, which extends to all the planets, and in unit- 
ing with the ozone in the higher regions of the atmosphere may be con- 
verted into the vapor of w^ter, wbile the electric charge produces the 
electricity of the higher atmosphere of our earth. Tbe quantity of hy- 
drogen thus lost by tbe sun is too minute to be sensible by any of oat 
measurements during the historic period. There is one phenomenon 
connected with Uiis subject which is not clearly explained by this hypo- 
thesis, and that is the apparent fact that tbe appearance of the aurora 
and tbe disturbance of the magnetic needle are almost, if not quite, sim- 
ultaneous with tbe commotions in the snn. This would indicate an in- 
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dnctiTe actioD aoalogons to attraction in the iastaDtnneouBDess of ita 
action at a distaDce. 

A similar hypothesis has beeu proposed by Professor Newton, of Yale 
College. AccordiDg to this the corotia is made up of matter in the act 
of streaming off from the sno, instead of being a permanent solar at- 
mosphere, or a mass of revolving meteors. The explosive actions, which 
are the most probable causes of the spots, may, perhaps, furnish the 
luminary matter, which, dispersed at intervals by reason of the varying 
action of the planets as it flows away into space, forms the cor<ma, 
with its accompanying radiations and streamers, visible in the total 
eclipses. The zodiacal light is also made of the streams of particles flow, 
ing away from the sun under the operation of solar repulsion. 

In the American Journal of Science, (March and July, 1855,) Profes- 
sor Newton explains the irregular perturbations of the magnetic needle 
by electric currents developed in the upper atmosphere (or photosphere) 
of the earth by the arrival of the solar joatter, which is probably the 
snbatance of terrestrial auroras. 

Whatever truth may be in these specnlations, they indicate a tendency 
in the scientific mind of the day to adopt the conclusion that many of 
the phenomena which have heretofore been considered entirely of a ter- 
restrial character really belong to the solar system ; that not only are 
disturbances of the magnetism of the earth connected with commotions 
in the sun, bat that cyclones and othervioleut movements of our atmos- 
phere have a similar relation to the central luminary. — J. H. 
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THE TBOCIIODTTES, OE CAYE-DWELLEBS, OF THE TALLET OV THE T^Z^BK. 

Br M. Paitl Bboca. 

An Addrau Mivered b^ore Ike fVencA Aeaocialiim /or the Adcaxcemeiit of Sdenix. 

(TnuslMed from ",L> Bcvne Sdentlflqne," NoTember IB, IB^ for the BmltbaoDlui iDStitotlon.] 

Lasies and Gentlemen: Impressed by tbe aptendor Tcliicb sar- 
roQndB me, and by the sigbt of tbis large audience, I am impelled to 
render homage to the beaoty and intelligence which have prepared so 
brilliant a reception for tbe French AssociatioD. Tbe members of tbe 
Bootety have reason to congratulate tbemselves upon having chosen 
Bordeaux for its first session. 

Our institution is one that appeals to general interest. Although it 
has originated entirely in private enterprise, it rests opon bases which 
assure its continuance, and it cannot fail to survive the struggle which 
may be maintained for years against public indifference. Yes, although 
ourdebut should be greeted with coldness and neglect, we would persevere, 
for we consider tbe diffusion of knowledge as an important element of 
the greatness of nations, and surely the necessity of tbis diffusion bas 
been rendered palpable by the recent disasters which have shown the 
danger of extreme intellectual centralization. Convinced of the utility 
of our objects, undismayed by obstacles, and nndiscouraged by apparent 
defeat, we will renew our sessions year by year, increasing in uombers 
as we gradually enlist recruits, and assured that in a country like ours 
success, however long deferred, must sooner or later crown our efforts. 

For the success of tbe first session, which bas far surpassed our hopes, 
thanks are due to my esteemed colaborers, MM. Broca and Glrondiu ; also, 
to tbe distinguished gentlemen of the local committee, especially Profes- 
sor Azani, the intelligent and indefatigable secretary. 

The subject of my discourse is the troglodytes, or cave-dwellers, of 
the y^zere, that fossil population whose subterraneona dwellings we are 
about to investigate. 

Their existence dates back to a remote antiquity. We do not know 
their names; no historian has mentioned them, and it is only eight 
years since tbe first traces of them were discovered, and yet in some re- 
spects we are better acqnainted with them than with certain celebrated 
nations of classic renown. We know their mode of existence, their arts, 
their industries, many details of their lives. Does not such knowledge 
coDStitute the real history of nations, a history more interesting than 
that of their battles, their conqnests, and even their dynasties t 
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How does it happen that we know so much about people who liave 
left no trace in the memory of man, and whose existence, even twentv 
years ago, was deemed impossible f Are they children of romance, like 
the celebrated troglodytes of Montesque f On the contrary, nothing is 
more real than oar troglodytes ; nothing is more authentic than their 
annals. In the caves they inhabited, or in which they deposited their 
dead, we find the residue of their feasts, the products of their indus- 
tries and their arts, and the remains of their bodies. These are the 
books in which we read their history ; these are the doenments which 
have resuscitated their past. 

Several savans have takeu part in these investigations ; among them 
Cbristy, the Marquis of Yibrage, M. Falconer, and our two colleagues, 
MM. Louis Lartet and Elie Mass^nat, deserve respect ; but one name 
eclipses all others — thatof the founder of human paleontology, Edward 
Lartet. 

We with reason admire Cnvier, who, in his study of fossil bones, suc- 
ceeded in restoring the successive fauna of tbe geological periods ; also 
ChampoUion, who, with so mucfa sagacity and patience, deciphered the 
hieroglyphical monumeuts of Egj'pt, but not less admirable in his im- 
portant labors was Edward Lartet. His field of investigation lay be- 
tween that of Cnvier and that of Champollion,and shared in both. He 
revived human associations in those paleoutological periods in which 
Cuvier found only extinct brute animals ; he discovered the history and 
the chronology of the ancient man, the-con temporary of the mammoth, as 
ChampoUion discovered thiit of the architects of the great pyramids. 
These three men are tbe glory of French science. They were initiators ; 
they founded schools. Tbeir disciples and followers have but widened 
the patbs tbey opened, and although foreign savans have made great 
progress, they do not forget that to France belongs tbe honor of having 
led the way. 

I. — DeTEEMINATION op T13IB. 

Before discussing a population it may be well to assign it a place in 
time. But in this case ordtuary chronology is not applicable, for we 
have to do with periods of incalculable length. Since the time when 
our troglodytes were in existence great changes have taken place in 
climate and fauna. These were i»roduced without revolution, without 
violent action, by the gradual influence of insensible causes, which are 
still in exercise at the present day ; and when wc think that these causes, 
during tbe course of tbe centuries known to us, have produced only 
changes almost inappreciable, we may form some idea of the immense 
duration of what is called a geological period. 

It is not by years, centuries, or thousands of years, that we can meas- 
ure these immense periods ; it is not by figures that we can express these 
dates; but we can determine the order in which these geologiciil periods 
succeeded each other, and the sub-periods of which each was composed. 
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These are the dates of the history o£ our planet, and the elements of 
what Edward Lartet called the chronology of paleontology. 

I need not speak of the Primary and Secondary geological periods, as 
they are foreign to the chronology of man, since be did not then exist ; 
nor need the Tertiary period scarcely more arrest our attention. It is 
true that the discoveries of M. Desooyers in the Pliocene cbalb-pits of 
Saint Pi-est, show the existence of man as eariy as the end of the Ter- 
tiary period in company with the southern elephant, the rhinoceros 
leptorbinns, and the great hippopotamus; he even lived, according to 
the Abb^ Bonrgeois, daring the Miocene period, contemporary with the 
mastodons, the predecessors of the elephants ; but the latter fact is 
doubtful ; and as to the Tertiary man of Saint Prest, he was so much 
anterior to our troglodytes, that he need not figure in our chronology. 
It is sufficient iu the determiuatiou of our dates to commence with the 
beginning of the Quaternary period. 

The end of the Tertiary period was distinguished by a remarkable 
phenomenon, the causes of which arc still imperfectly known. The 
northern hemisphere was gradually cooled. Immense masses of ice de- 
scended the sides of the mountains, into the valleys and plains, and 
covered a large part of Europe, Asia, and N^ortb America, and the tempe- 
rature of our zone, previously torrid, gradually became glacial. This 
cold period, called the Crlaeial period, was excessively long. After reach- 
ing their utmost southern extent the glaciers receded considerably, and 
then advanced agaiu without attaining their previous limits. This was 
the last phase of the Tertiary epoch. The Glacial period came to an end. 
The gradual increase of temperature melted the ice, and the Quater- 
nary iieriod commenced. 

The masses of snow constituting the glaciers, which bad been acca- 
mnlating for years, produced, by their melting, immense floods, which 
bore upon their powerful waves the d4bri8 of the mountains, inundated 
the plains, plowed the surface of the earth, excavated valleys, and 
left in their passage large deposits of sand, clay, and bowlders. From 
this period, called the Diluvian, date oar present rivers, which give ns, 
however, but a faint idea of their former magnitude. In their now limited 
and unchanging channels they transmit only the water which descends 
day by day from the clouds, while the freshets occasioned by the melt- 
ing of winter snows are of very little moment compared with those im- 
mense inundations formerly produced when the beat of snmmer melted 
not only the annual snows, but a part of the ancient glacier. 

The great power of the floods of water was especially remarkable dur- 
ing the first part of the Quaternary period. It became less and less 
until the glaciers were reduced to their present limits, and the tempera- 
ture to its present degree. It was at this time that the phenomena of 
great changes ceased, and the Qnaternary period came to an end. Since 
then, although mountain torrents carry with them sand and pebbles, 
and sometimes tear from the sides of the valleys masses of considerable 
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Bize, tlie rivers and smaller streams bear witli them only fine particles 
of earthy matter, which give rise to alluvial deposits. 

The time which has elapsed siuce the eud of the Qaat«rnary period 
bears the Dame of the present period, and the strata formed during it« 
continnance are called recent deposits. They are recent compared with 
those of the Quaternary period, but not so when estimated by our ordi- 
nary chronology, since in most oases their formation lias required thou- 
sands of centuries. 

These preliminary ideas enable us to comprehend the essential facts 
which determine the dates of haman paleontology. These dates are 
established, in the first place by pure geology, in the second by paleont- 
ology, in the third by prehistoric archieology. 

The geological dates are principally inscribed in the valleys and in 
the plains, where th^ great floods of water of the Quaternary x>6riod 
have left deposits in the form of beds, more or less regularly stratified. 
If these strata hare remained undisturbed, they are found superposed 
according to age. The oldest lie lowest, and are called the lowest levels ; 
above them lie the mean levels, which are posterior to them, and which 
in turn are covered by the upper levels, formed during the latter part ot 
the Quaternary period. Finally a stratum, more or less thick, of recent 
formation, consisting of alluvions, peat, &c., almost always covers the 
Qaaternary deposits. 

These different strata are not everywhere found in complete series, 
and the nature of the elements of which they are composed varies more 
or less with the locality ; but I cannot now enter into details. I can 
only give a general idea of the way in which, by the study of the superx)0- 
sition of these beds, that is to say, their stratification, the relative age of 
the various deposits, recent or Quaternary, is determined. 

In this determioatioQ we first apply to geology. Thanks to the data 
it furnishes, we know the age of the animals whose bones are found iu 
the different strata ; these animals in turn serve to establish the periods, 
and also the dates of certain formations or partial deposits which do not 
form a part of a complete and regular stratification. 

Of the animals living at the commencement of the Quaternary period, 
some, like the mammoth, only exist now as fossils ; these are the extinct 
animals; others, like the fox, have disappeared from our locality, but still 
live in other parts of the world ; these are migrated animals; and others, 
tike the horse, continae with us to the present day ; these are called per- 
sisting animals. 

Extinct animals abounded in the first part of the Quaternary period. 
Some of them were immense mammals with terribly powerful limbs, 
beside which man, naked and feeble, was of little account. Such were 
the large bear of the caves, [Ursus speUeua ;) the great lion, also of the 
caves, {Felis speUeus ;) the amphibious hippopotamus, {Sip, aniphibiua ;) 
the rhinoceros, with chambered nostrils, (Rh. tickorhtnus ,-) the aucient ele- 
phant, (Elephag antiqutts;) and, above all, the giant king of this fauna, the 
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mammoth, {Elephas prtmigentiu.) Of tlie otlier extioct Bpeciea of the 
period it would be snperduouB to speak. The reindeer and several other 
migrated animals are found ia this fauna, bat are rare, and a large nnm- 
ber of persistent species had already made their appearance. 

Of all these animals, the most remarkable, the most powerful in strength 
and numbers, was the mammoth. Protected from tJie cold by a thick 
covering of fur, and provided with formidable means of defense against 
its enemies, it prospered and multiplied ; it spread and dominated over 
all the earth, so that the first part of the Qnaternary period, which cor- 
responds with the lower levels of the valleys, may well be called the 
age of fhe mammoth. At that time every condition was favorable to 
the prosperity of this animal. But in time there were changes which 
led to its decadence. An elevation in the temperature allowed the exten- 
sion of numerous herbivorous species hitherto restrained in their devel- 
opment. The reindeer, the horse, the ox, and the bison mtdtiplied. These, 
his powerful rivals, disputed with the mammoth his vegetable nutrition, 
and with him commenced the struggle for existence. Already he saw 
opposed to him the power of man, which under the ameliorated condi- 
tions of climate was sufficient to declare war against him, and finally 
this same climate which was so favorable to his enemies and rivals became 
directly prejudicial to his organization, intended for a boreal tempeiB- 
ture. 

Thus the mammoth, once so important in the first part of the Quater- 
nary period, commenced to decline. He ceased to be the predominant 
species of the fauna, and as to the other.animals which formed his ancient 
cortege, many yielded with him to the destructive influence of the 
changed temperature, and decreasing in numbers we see tbem slowly, 
one after the other, disappear. Some, it is true, survive, and may pro- 
long their existence to the end of paleontological time, but tJieir reign 
is over. 

Thus about the middle of the Quaternary period there was an int«r- 
mediate age, corresponding with the mean levels of the valleys ; an age 
when several species contemporary with the mammoth had already be- 
come extinct, and others, which had almost disappeared, were repre- 
sented by only a few individuals, while animals better adapted to the 
chauged conditions prospered. Prominent among the latter was the 
reindeer, ( Cercm tarandua,) but it was not until the following perio«l that 
it attained its full importance. 

The fauna of the intermediate age has no especial paleontelogical 
characteristics. It is distinguished less by the nature of the species 
than by the relative proportion of their representation. Certain ani- 
mals of the age of the mammoth no longer existed, bnt others were found 
here and there. The mammoth, although reduced in numbers, had not 
yet become rare, while the reindeer, the stag, the horse, and the ox had 
become common. 

This intermediate age gradually yielded to the third and last age of 
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the Quaternary period. When the strata of the upper teveU began to 
be formed, the animals we call extioct had almost entirely disappeared. 
A few rare specimens of the mammoth still survived. Still more rate 
was the great Irish stag {Megaceros h^emicits) and the large lion of 
the caves. The rest of the fauna had changed bat little. The reindeer, 
however, had increased to a most extraordinary extent, and the third 
period is deservedly called the age of the reindeer. 

It is Dot only in the existence of the reindeer that this period differs 
from that of our day. In company with the reindeer lived in onr still 
cold region a number of animals to whom frost and snow were congenial 
elements, and who could not exist in temperate climates. As tbe tern-' 
perature approached its present condition, the individuals which npou 
our plateaus and in our plains represented these species disappeared ; 
but the species themselves, far from perishing, found in a colder climate 
a more congenial temperatnre, and have been perpetuated to the present 
day. Amoog^hese species called migratory, some, like the reindeer, tbe 
sloth, the musk-ox, have gone toward the north; others, such as the 
chamois, the goat, tbe marmot, have not left our zone, but have sought 
greater altitudes, and have taken refuge in tbe lofty peaks of the Alps 
and the Pyrenees. 

Tbe disappearance Of tbe reindeer and other migratory species 
marked the end of the Quaternary iwriod, and of paleontological time. 
Then commenced the modern period. Our climate, at that time, was 
probiibly rather colder than at present, but it was already temperate, 
and the slight changes it has since undergone have not been sufficient 
to produce the extinction of species. It is true that the urus, {Boa 
primigeniua,) and the aurochs, (Bigon europava,} have disappeared 
from onr regiou, but this mast be attributed to the destructive action 
of man rather than to the effects of climate ; and to man, also, is 
attributable the introduction of certain new species, for tbe most part 
domestic With these exceptions, we may say that since tbe end of the 
Quaternary period onr fauna has undergone no change, and that tbe 
recent deposits contain only actual or living species. 

The dates we seek toestabtish are then determined both by strat- 
ography and paleontology. They also rest upon a certiiin order of 
facts which today constitutes a new science — that of prehistoric arche- 
ology. 

Man lived in all the periods of which we have just spoken. It does 
not concern us whether or not he existed in the latter part of the Ter- 
tiary period. This Tertiary man does not come within the limits of our 
present observations, aud, besides, it is by no means certain that be 
existed. But what does concern us, and has been positively proved by 
Boucher de Perthes, is, that tbe most ancient strata of the Quaternary 
period contaiu evidences of human industry. The knowledge of the 
use of metals dat«s, we may say, only from yesterday. But before man 
possessed these powerful auxiliaries he was not without instruments Of 
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labor or means of defeDse. He fabricated tools and weapons of war- 
fare, ODt of variooa hard materialB, sucli as the bones, teeth, and horus 
of animals, and above all of stone, especially flint, and this is the reason 
why in the history of man the name of Stmte age has been given to the 
whole period which preceded the ose of metals. 

This age of stone still continnes among ceri.ain savage tribes, and it 
came to an end with the most anciently civilized nations at a penod 
only a very little anterior ta historic times. It therefore includes almost 
the entire duration of the existence of humanity. £4ow, the mode of 
fabrication, the form and nature of these instrnments, necessarily varied 
'daring this immense period, with the needs, the kind of life, and the so- 
cial stat« of the men who employed them ; and when we remember that 
hard substances like stones may be preserved for an uulimited period in 
the ground, we comprehend that these remains of hnman industry con- 
stitute ineffaceable records of the past, chronological docnmeots of the 
utmost importance. ' 

The dates established by prehistoric archeology accord very well, and 
sometimes coincide, in a most remarkable manner, with those of paleon 
tology and stratography. Just as certain species of animals have con- 
tinued from the earliest Quaternary times, so certain forms of flint instru- 
ments have been perpetuated through several archseologicul ages. Such 
are the elongated pieces of stone, with their two edges sharpened, and 
one face cut with two sides, while the other has but one, called knives. 
The small knives of obsidian, still in use among the aborigines of Mex- 
ico, and the flint knives, which onr ancestors of the Bronze age frequently 
deposited in their sepulchers, are very similar to those of the age of the 
mammoth. But this is an exceptional case ; in general, prehistoric in- 
strnments have from age to age undergone various modifications. 

I cannot attempt here to mention, still less to describe, the numerous 
instruments of each period ; axes, knives, points of lances, or of arrows, 
scrapers, hammers, &c. Geologists frequently, as. we have seen, deter- 
mine and designate an entire fauna by a single characteristic si>ecies. 
So archaeologists distinguish the different periods of the Stone age by 
the instrument the most cbaractenstic of each of them. 

A precise determination of these periods and of their number is not 
possible; for the flint instriimeuts have, during the same period, under- 
gonedifferent changes in different localities, but a general reduction into 
three has been made by M. de Mortillet of the arcbseological divisions of 
the Quaternary period. 

1. The most remarkable type of the first Quaternary division is the 
so-called 8aint Acheul ax. (See Figs. 1 and 2.) It is of flint, of variable 
size, always quite large, longer than wide, thick in the middle, sharp- 
ened at the edges, with one end pointed, or rather orgival, while the other 
is rounded; but its most distinguishing characteristic is that its two 
faces or sides are shaped ; these are more or less convex, and more or 
less symmetrical. This type abounds at Saint Acheul, near Amicus, in 
the valley of the Somme ; hence its name ; but it is found in almost all 
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tbe deposits of tbe Mammoth age, and sometimes, thongh rarely, i 
ancient strata. 



Fig. a. Pig. 1. 

The Saint Acbeal type. — Ax with both &ceB shaped. Fig. 1, vie^ of face. Fig. 2, 
view of edge. 

2. The second diviBioQ of tbe Stone age is characterized by the Moustier 
spear-bead, (See Figs. 3, 4, and 5.) This instrnment, which was at- 
tached to the end of a long lance, differs little in contour from tbe Saint 
Acheul ax — is somewhat more pointed, but is distinguished by having 
only one of its sides shaped. The other was made at one blow which 
split it fh>m the adjacent stone, and was never retoached. It is there- 
fore not biconvex, like the preceding, but plano-convex, and conse- 
quently only half as thick. 



Pig. 4. Fig. B. Fig. 3. 

Tbe HoDntier type.— Latic«-bead Bbftp«d onl; upon one aide. Ftg. 3, the aide not 
shaped, showing at the base the point of percuBaion. Fig. 4, the shaped ^de. Fig. 6, 
side view. . . 
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TbeMooBtier type takes its natne from the Moustier care, where it is 
very common and where it was first discovered by Edward Lartet and 
Christy. A few specimeus have been found in more ancient deposits, 
corresponding with the first Qnateroary period, and also ia more receot 
deposits corresponding with the latest; but it properly belongs to the 
intermediate. 

3. lu a third period, which corresponds to the age of the reindeer, the 
dint instmment was perfected. The ends are more pointed, the contour 
more regular and symmetrical, and the edges have evidently been formed 
with finer touches. This period of the stone age is distingnished more 
by the character of the manafoctore than by the kind of instrament. 
The lance-head of Solntr^ has been generally taken as a type, because 
only a short time ago the lances from 3olatr6, in Mficonnais, were the 
best made instruments which had been found in the Quaternary depos- 
its, (see Fig. 6 ;) but since then Dr. Jules Parrot, and his brother, 11. 
Philippe Parrot, have found at Saint Martin of Excideail, (Dordogne,) 
in a cave of the age of the reindeer, nnmerons flint instrameDts much 
more perfected. 

Fig.r. 
Fig. 6. 



The Solotrd tfpOT-Foint of Bolntr6 lance. The poUshed ax. 

• We have now come to the end of the age of the reindeer, and to the 
commencement of the present period. We now find an improvement in 
the manufacture of flint instramenta, which marks the beginning of a 
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new archfBological era. Hitherto these iDStruments vere made by per- 
cuBsioD or by pressure; although, it is true, some implemeuts of sec- 
ondary nse were rounded into shape by friction, but the fliut tools and 
weapons were always chipped. Id tlie era upon which we are now en- 
tering these implemeuts were made in the same way, bnt the fliut was 
polished, aud the polished ax, too well known to need description, be- 
came the principal auxiliary of man. (See Fig. 7.) 

This ax characterized Ute period of polished stmte or the neolithic 
period vbieh terminated the stoueage, aud couseqneutly lasted until 
the introduction of the metals. 

All the periods which precede the appearance of the polished ax con- 
stitute the period of 8t4yne, also called the archffiolitbic, or, rather, the 
paleolithic period. 

The various phases of the age of chipped stone succeeded each other 
progressively, and by almost insensible transitions, like the correspond- 
ing geological periods ; but the change to the period of polished stone 
was mnch more abrnpt. Its commencement coincides exactly with the 
disappearance of the reindeer, that is with the end of paleontological 
time, and with the beginning of the present geological era. It coin- 
cides aiRo with a complete cbauge in the social condition of man, with 
the domestication of the dog, with the adoption of pastoral life, marked 
by the domestication of several herbivorous animals, and also with the 
introdaction of agriculture. Thus many centuries passed nntil the 
appearance of the hronse, which put an end to the stone age. The 
length of the period of polished stone was very great; the entire dura- 
tion of historic time was nothing in comparison, and yet it was immeas- 
urably shorter than any of those which form the age of chipped stone. 

We have thns examined the snccessiou of prt^-bistoric ages from the 
commencement of the Quaternary period, under the triple [loint of view 
of stratigraphy, paleontology, aud arcbseology, aud we have obtained 
three series of dates which, if not altogether precise, are sufficiently 
approximate to form the following table, which may serve as a review : 
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II. — SircOKBSrVE LOCALITIES OP THE TBOGLODYTES OP THE V6- 



We now possess the knowledge reqnisite to assign a place in time 
to tbe troglodytes of tbe valley of tbe V^zdre. In their numerous 
localities not a single polished ax has been fonnd ; their industrial im- 
plements belong to the age of chipped stone, aud are, therefore, anterior 
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to the recent period. They were funiliar with tlie mammoth, foaght 
with him, fed apoQ him, and even sketched him, and yet in their most 
ancient locality, at least the most ancient kuowo, the extinct species are 
rare. Therefore, our troglodytes do not date Irom Uie firaf; Qnatemary 
period, or the age of the mammoth. The Monstier locality incoatesta- 
bly beloDgs to the age we have called intermediate, and which precedes 
the age of the reindeer, while thelt other localities descend from i>enod 
to period notil the end of the age of the reindeer. They witnessed then 
the extinction of the ancient fanna. They did not, it is tme, see disap- 
pear the last sotvivor — the mammoth — for occasional remains of this 
animal are found in the most recent caves of the Y^z^re, although a few 
leagaes from there, at ExcideoU, MM. Jnles and Philippe Parrot discov- 
ered a paleolithic cave in which there was no trace of the extinct spe- 
cies, and even the reindeer was rare. 

Thns the troglodytes of P^rigord existed during the last two divisions 
of the Qnatemiur>' period, from the decadence of the mammoth to the 
disappearance of the reindeer. It is impossible to calculate the number 
of centuries they lived, but we can form some idea from the relation of 
their localities to the present level of the V6z6re. 

After the Monstier cave ceased to be inhabited it was frequently 
innndated by the Y^z^re, and gradaally filled with alluvium. This 
stratum of earth, which is aboot 6^ feet in thickness, contains uo 
osseous or siliceons remains. Below it lies the stratum which formed 
the habitation of man, in which be left traces of bis industry' and re- 
mains of his feasts. This proves that the opening of the cave was once 
beyond the reach of the waters, and consequently above the level of 
the river, while now it is 30 yards below low-water mark. The bottom 
of the. valley has, therefore, been considerably elevated by deposition 
since the time of the troglodytes of Monstier. 

On the other hand, the Madelaine locality, which is perhaps the most 
recent of the valley, is a little above the level of the highest present 
tide, and we may -therefore conclude that the valley at that period was 
very much the same as it is now, the level having become only a little 
lower. 

Thns this deposit of 30 jards, doe to the action of the watery waa 
effected almost entirely under the eyes of our troglodytes, and since 
then, throughout the entire duration of the recent period, that is to say, 
for thousands of eeuturies, little change appears. Judge, then, what 
countless generations of humanity must have intervened between the 
time of the Monstier locality and that of the Madelaine. 

It is evident that, in this immense lapse of time, the habits and mann- 
factnres of these people must have undergone great changes, which we 
find to have been the case in examining their different localities. 

All the localities now known are found in a vety circumscribed 
district, grouped on both sides of the river Y^zfere. From that of 
Monstier, the highest up the river, to the Byzies, the lowest, the distance 
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is only abont 5 miles in a straight line, but almost double as far if the 
siDnosities of the valley are followed. Between these extreme stations 
lie, upon the right shore, those of the Madelaine, of Upper and Lower 
Langerie, of the Gorge d'Bofer ; on the left shore that of Oromagnon, 
very near the Eyzies. (See map.) 




£chcllc de 6A4n<> 



Fignra 6. — Hap of qnittornarj localities of tho Vt^^ie. 1 . Cave of HoDBtier. 2. Hoi- 
loir rock of Monatior. 3. Hollow rock of Hadelaine. 4. Sepnlcherof CromagnoD. 5. 
Hollow rock of Upper Laagerie. G. Hollow rock of Lower Langerie. 7. Cave of 
Gorge d'EDfer. 6. Cavo of tha Eyziu. 

Some of these are genuiue caves ; others merely hollows ia the rocks, 
largely open to the valley. At the Moustier there is both a cave and a 
bollow. Tbe Gorge d'Bnfer and the Eyzies are caves; the Madelaiue, 
the two Langerie, and Gromagnon are hollows, but these distinctioDS 
bave no chronological importance. The most ancient troglodytes, as 
well as tbe more recent, used both the cave and tbe bollow ; it is not 
from the kind of habitation they occupied, bat from the natnre of their 
remains, that we judge of their relative age. 
21s 
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The Moustier locality evidently preceded all the others ; tbut of Cro- 
luagtiOD is less ancient, bnt still beloogs, with tlie Moustier, to the iuter- 
mediato age. The Upper Langerie aud Gorge d^Eufer are of the age 
of the reindeer; and, lastly, the Lower Lnngerie, the Eyzies, and the 
Madelaiue form a group vtijch leads us to the end of the Quat«rnary 
period. 

The ti-ofjlodytea of the Houstier were completely uncivilized. They 
formed neither bone uor horn, bnt only stone implements. TooU of 
uliippetl flint abound in their various localities, but with the exception 
of a single arrow-head, which is carefully fashioned, these are of rode 
manufacture. No delicate objects ; no small instruments ; a few rare 
uses of the Saint Acbeul type ; a few thin pieces of stone, which may 
have been used for knives, and a large number of massive hatchets, with 
a single convex edge, to be held in the hand ; such were the only im- 
plements of domestic use; all their other iustrumeuts were for warfare. 
A lew arrow-beads prove that they were not ignorant of the use of the 
bow ; bnt this was not their ordinary weapon. The true means of de- 
fense which characterized this period was the lance, or spear, already 
described. (See Figs. 3, 4, and 5.) This sturdy instrument, with ogi- 
val point, and both sides shaped, large enough to make severe wounds, 
yet small enough to penetrate the flesh easily, constituted a much more 
terrible weapon tlian the Saint Acheul ax. Fastened at the end of a 
spear it brought death to the largest mammal. Hitherto man, badly 
armed, could not compete with those powerful animals. lie maintained 
with them merely a defensive warfare. But now he took the offensive. 
He ceased to fear them; their gigantic forms were no longer beyond his 
reach. With bis long lance in his hand he assayed the conquest of the 
world. 

At Jloustier remains of the mammoth, of the great lion, and of the 
great hyena of the caves have been found; but the principal foo<l of 
man at this period w^ first the horse, then the urns, and only thinl in 
importance the reindeer. The instruments of the chase were made 
for attacking game which would resist rather than take flight, and the 
arrow aud other instruments for the killing of smaller quadrupeds or 
birds were probably unknown. Not a single bone of a bird or of a fish 
is found in the Moustier locality. These rude hunters cared only for 
violent combats, to which they devoted their entire energy and iutelli- 
gence- 

The men of Cromaguon, less ancient than those of Moustier, made notice- 
able progress ; their tools were less massive, more nujueroiis, more varieil, 
aud, above all, bett«r uiade. The Moustier lance was sni)ers^ed by a 
species offline poignard. Tbey wore ornaments of shells, aud the large 
number of scraping-knives seems to indicate that they prei»ared skins 
for clothing. Their principal food was still the horse, bnt their larder 
was already varied. We find among the remains of their repasts, beside 
the reindeer, then commcneiug to be common, the bones and teeth of 
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the urus, the boar, the stag, the goat, the wolf, tbe Tox, the hare, aud 
even of a bird of the crane species. Man hnnted then the smaller aui- 
maU, as well as large game, but he had not yet learned liow to reach 
the Ifsh. 

Prominent among tbe animal remains we alnays find the mammoth 
and the great lion of the caves. There is also a great bear, probably 
tho PratM spela'Hs. The reindeer had not yet begun to multiply, and 
appetirs less frequently than tbe horse; sb tbe jwriod is stilliutermediate, 
while, in the localities we next notice, we enter definitely the age of the 
reindeer, and the remains of this animal are more abundant in then) 
alone than in all the other periods taken together. 

We observed at Cromagnon evident improvement in the manufacture 
of flint instruments ; in the generations which followed further prog- 
ress was made in this art, which attained its greatest perfection at 
Upper Langerie. The moat beautiful flint implements of tbe valley of 
the V6z6re belong to this locality. All the industrial instruments and 
weapons found here are of flint. They are innumerable, and very varied 
ip form and dimension. It iw true, many are in no way remarkable ; 
some are even very rude in construction, snch as certain lanoe or spear 
heads, which resemble the Monstier. But side by side with these im- 
l>erfect objects we find others of elegant form and elaborated contour, 
evidently tbe result of skillful workmanship. 

These beautiful flint instniments of Upper Laugerie belong to the type 
calle<l Solutn5. Their form is sharply lanceolate ; they have little thick- 
ness, and their sides, chipped into fine edges, are regular and symmetri- 
cal ; their base is often fashioned so as to be easily inserted in a handle. 
They were evidently intended to be attached to the extremity of a long 
wooden handle. Their dimension varies greatly, but whether large, of 
medium size, or small, they are all very nearly of the same type. It is 
evident that the smallest are the heads of arrows ; the medium size, of 
darts, tiirown with the hand. The largest were lauceheads, but their 
want of breadth shows that the handle was not heavy, but quite light. 

For combating the mammoth or great lion weapons such as these 
could not compare with the Monstier spear. But these dangerous ani- 
mals had become rare. The brute creation no longer resisted man, but 
fled at his approach. Arms which were light and easily portable were 
necessary. If the reindeer avoided the lance he might be pierced by the 
dart; but, if too fleet for the dart, he could not escape the swift arrow. 
But the arrow aud the dart failed of their end ; they were too rudely 
constructed. The slightest irregularity or want of symmetry in form, 
a single point too heavy, caused them to deviate from their course 
This the men of Upper Laugerie understood, and they improved the 
working of flint in order to perfect their armory. They were guided by 
no artistic sensibility. Art was still a stranger to them; they had as 
yet only made acquaintance with utility. They gave a more elegant 
form to their arrow-head, only that it might fly with greater precision. 
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They did not take time to form tbeir other implements with the same 
care. 

These flnely-formecl arrow-heads, so common at Upper Laugerie, are 
not met with io the ulterior localities of the V^zfere Valley. It would 
seem that the mannfactnre of flint instrnments, after improving until 
the age of Upper Laugerie, then declined. It isostonishing that a people 
60 skillful as the troglodytes of the age of the ceindeer have proved them- 
selves to be, Bhoold thus have allowed to perish their fundamental art. 
But several instruments found in their more recent localities show that 
they bad not lost the secrets of this delicate workmanship, and if they 
ceased to form arrow-points like those of Upper Laugerie, it was because 
they no longer needed them. 

A great step bad been taken. They bad learned to make use of the 
antlers of the reindeer and the bones of animals. Out of these sub- 
stances, more manageable than flint, not so hard undoubtedly, but still 
sufficiently strong, they manufactured implements for tbe chase of 
longer reach and greater precision ; and having learned the ralae of 
horn and bone in the construction of s>cb implements, they proceeded 
to form utensils of all kinds out of tbe same materials. 

But the reign of flint was not over. On the contrary, there never bad 
been a greater or more varied assortment of flint instruments ; to those 
used as weapons, or utensils, had been added a number of small tools, 
osed for workmg the horns of tbe reindeer. 

Here was an important evolation in industry. Hitherto tbe hand 
alone bad been used in forming tbe manufactured substance, but now a 
secondary means was employed. Tools were made to use in constmcting 
others. From the earliest times it is true that flint bad been used as a 
means of mannfecture. From the commeocemeut of tbe Stone age it 
had been employed to cnt wood, make piles, clubs, stems of lances, and 
arrows. Kor was the idea of substitotiug the bard parts of animals for 
stone any newer, for, in tbe ancient station of Cromagnon, several arrow- 
poiuts of deer-horn, and even of ivory, have been found. What was pe- 
culiar to the period we are entering upon, was the creation of a kind of 
tool, which did not directly minister to the necessities of life, but was 
intended to facilitate and perfect tbe fabrication of tbe instrnments in 
use. It was the commencement of that division of labor which later 
increased a hundred fold tbe power of man, and brought nature under 
his subjection. 

The use of deer-horn was far advanced in the locality of Gorge D'En- 
fer. Wk find there a large assortment of lances, darts, arrows, bod- 
kins, needles, &c., very well made, bnt'withont ornament, and the weap- 
ons for the chase are of very simple form, merely conical points, wttboat 
barbs. (See Fig. 9.) 

The invention of the barbs is worthy of attention. These recurrent 
points nndonbtedly rendered the weapon more dangerous. The pro- 
jectile remained fixed in tbe flesh, and the wounded animal could not 
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get rid of it by brasbiiig tbrongh tbe buBbes. But tbia was probably 
not tbe principal intention of the barbs. Disposed in regular series on 
each side of the arrow (see Fig. 10) they sustained it in the air like 




Fig. 10. Fig. 11. Fig. 9. 

Figare 9.— Honi point witboot barbs, (Gorge d'Enfcr.) Fir. 10.— Arrow with 
bilateral barbs. Fig. 11. — Harpoon witb uoilaterol barba, 

wings, and added to tbe extent and jtrecision of its flight this improve- 
ment indicates a certain acquaintance with experimcntnl physics. Tbe 
barbs generally have upon one of their faces one or several furrows, sup- 
posed to be intended to receive poison. 

Tbe barb, and more or less artistic omamentation, are the two distin- 
guishing characteristics of the localities of the last period. These are 
three iu number: the Eyzies, Lower Laugerie, and tbe Madelaine. 
Tliey strongly resemble each other, and were probably almost contem- 
porary. In some respects art is in a higher state of perfection at the 
Madelaine, hat the difference is not snfficient to establish a chronologi- 
cal distinction. These three localities, remarkable for the number aud 
variety of works of art and industry, have furnished the largest part of 
the means we now have of stndylng the life and habits of the troglo- 
dytes of the V^z&re. 

III. — The socibtt op the teoglodttes. 

The caves of the troglodytes were sitnated at a short: distance from 

tlie river, with no particular orientation, except that they were never 
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open to tbe north. lu them these people lived tbrongboDt the year, as 
we discover by tbe remains of tbeir repasts. We find that tbe yoaiig of 
tbe (leer formed their food at each stage of its development, and by the 
stady of tbe t«eth, the bones, and the growth of the horn, \re can esti- 
mate their age, and, consequently, at what season of the year tbey were 
killed. We conclude, therefore, that tbe troglodytes bad a fixe^l place 
of abode ; in other words, that they were not nomads. 

When they started on their fishing or hunting espeditions, tbey closed 
tbe mouths of tbeir caves to prevent tbe incursion of carnivorous ani- 
mals. A boue found at tbe Madelaine shows the marks of tbe teeth of 
n byeiiu, which, probably by accident, had gained admittance. The 
hyena was rare at this period, but wolves and foxes were numerous, and 
if tbe bones, scattered freely over the floors of the caves, were nndis- 
turbed by them, it was because they were carefully excluded. 

By what means was the entrance to these habitations guarded ; In 
other localities we fiud sepulchral caves closed by a slab of stone. This 
answered very well for the dead, but the living reqnired a door more 
easily removed, and as no vestige remains in these caves of a defense of 
stone, we conclude that palisades were used for this puqiose. 

They lived by bunting and fishing. Did they add to their r^hne any 
vegetable nutriment? There is no proof of this. We find, it is true, in tbe 
three localities of the last period, a certaiu number of stones of gninite, 
sandstone, or quartz, muiided and polished by friction, with a regular 
cup-shaped depression on one side, which resemble small mortars. It 
has been suggested that these were intended to receive tbe end of a 
piece of dry wood, which was then turned rapidly with the hands, in 
order to produce fire — a celebrated custom of the ancient Aryans, and 
still observed among savages; but these vessels are too shallow iu pro- 
portion to their width for this purpose. They were evidently mortars, 
and certain rounded stones of the size of the cup seem to have beeu 
used as pestles. Ilence has arisen the supposition that the troglodytes 
pounded or bruised grain to prepare it for food, but everything tends to 
prove that they knew nothing of agriculture, and these mort^irs were 
probably intended for tbe preparation of poisons or oxilors. 

Their principal occupation and means of support was the chase. They 
huutdl animals of every size, from the little bird to the huge mammoth. 
This old giant of Quaternary times stilt survived, although he ba<l be- 
come very rare. For a long time it was supposed that be became extinct 
about the middle of tbe Quaternary period, and when several teeth of 
the animal, and various pieces of carved ivory were found in the more 
recent troglodytie localities of the V^zfere, it was thought by many per- 
sons that these remains belonged to an ant«rior epoch ; that long after 
the extinction of the mammoth, man collected and used the fossil ivory, 
as is done to-day by tbe people of Siberia. In that polar region the 
summer heat affects only a superficial stratum of the ground; tbe lower 
soil has been frozen for centuries, and has preserved tbe bodies of mam- 



^.y Google 



ETHNOLOGY. 



moths entire, so perfectly that their flesh is still good to eat, or rather 
very bad. Ooeof inyfrieDds has tasted it, nndfoaud it tough as leather. 
Owiug to these favorable circumstances the ivory of Siberia is in snch a 



coDdition that it can be employed iD the arts and in industry, but ordi- 
nary fossil ivory is only of value in the museum. The alternations of 
temperature and humidity to which it has been subjected have altei'cd 
its texture — veiued and softened it bo that it is of no practical use what- 
ever. 
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Now the climate of the Y^z^re, at the age of the reiadeer, althongh 
still cold, had loDg ceased to be glacial, and if the men of the period had 
dug into the soil, which they did Dot, the fossil ivory they found would 
have been of no use. The mammotho, then, whose ivory they carved, 
must have been their coutemporaries. We have besides a decisive proof 
ot this. Here is a cast (see Fig. 12) of au ivory plate discovered in 1864 
at the Mudelaiue by MM. Ed. Lartet, de Verueuil, and Falconer. Upoo 
this plate is engraved a representation of the mammoth, with his large 
head, concave forehead, his curved tusks, his small eye, bia trunk, his 
curled-up toil, and his long maue; iu fact, exactly such a mammoth as 
perpetual frost has preserved, until our day, on the shore of the Leua. 

The troglodytes of the age of the reindeer did not often encounter 
the mammoth. They more frequently hunted the bo.'vr, the horse, the 
ox. It was undoubtedly for combat with these large animals that they 
still retained some large lances armed with flint, differing littls from 
those of Moustier. But their weapons were mostly light, and arrow- 
heads of horn had replaced the Hint points of the anterior periods. 

The bow had become the principal weapon. The animal, as we have 
said, no longer defied man, but fled before him, and the combat was 
succeeded by the chase. There were two kinds of arrows. The small- 
poiute<l arrow, not barbed, for the sm^ler animals and birds, and the 
large arrow, with double rows of barbs, which was chiefly used in killing 
the reindeer. Light lances terminated with flattened points, darts with 
conical points, and long and sharp poignards, completed the equipment 
of the huntsman. 

I WAS about to forget the rallying whistle. This was a bone of the 
reindeer, at one end pierced by au oblique hole, which did not pass 
entirely through the bone, but only to the medullary canal. By blow- 
ing upon this hole as upon a hollow key, sound can still be produced. 

Fish furnished a means of support for our later troglodytes, unknown 
to theii' predecessors. Their various localities contain a great many 
boDcs, and, what is worthy of remark, they all belong to the fishes of the 
salmon species. Now, the salmon of the present day does not come up 
as high as the T^z^re, nor even to that part of the Dordogne into which 
that river empties. A few leagues ibelow the confluence of the two 
streams, not far from Lalinde, there exists in the bed of the Dordogne a 
bank of rocks, which in high water forms a rapid, and at low water a 
regular cascade, called the Saut de la Gratusse. Thisis the present limit 
of the salmon, and as, iu the days of the troglodytes, they did not stop 
here, we must conclude that the level of the Dordogne since then has 
lowered, either by the wearing down of the bed of the river, which uncov- 
ered the rocks, or by loss of a portion of the waters. 

These antique fishermen evidently did not use nets, for with nets all 
kinds of fish are taken. Their sole instrument was the hiirpoon, with 
which they could only catch the large fish, and among these they chose 
the one whose flesh they preferred. Had they boats for fishing I There 
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is no erideoce of it; besides the riv^ was then .safficiently narrow to 
allow the use of the harpoon from its banks. 

fry The harpooa was a small dart of reindeer horn, very 

like the large barbed arrows, except that the barbs were 
only on one side ; a slight protuberance at the base allowed 
a cord to be attached, which was held in the hand of the 
flsberman. (See Pig. II.) It has been frequently, and is 
still, confounded with the arrow. It is clear that an ar- 
row barbed only on one side woold be very defective in 
^ flight, as it describes a long curve ; its course is necessa- 
£ rily affected by the resistance of the air which sustains it ; 
% but in the short flight of the harpoon this inconvenience 
cs is much less, and beflides the direction of the harpoon is 
fi downward, and it does not need to be sustained by the 
■g air. The inatrumeiit barbed only on one side is then not 
S an arrow, and must be a harpoon. The use of its barbs 
f was to catch and retain the fish after it was struck, but 
I why were they all upon one side 1 To diminish the width 
i of the dart so that it might penetrate more readily t I 
^ cannot say.* 

* After hnntiug and fishing the troglodytes resorted to 

I the caves for their meals. They carried with them en- 

t. tire the carcasses of the reindeer, and the smaller animals 

a they had killed, bat the larger animals, such as the horse 

i and the ox, were too heavy for transportation ; they 

£ were cut up where they fell, and only the head and limbs 

were taken. This accounts for the fact that no bones 

of the body of the large mammifers are found among the 

residue of these feasts, while the skeletons of the reindeer 

and of the smaller animals are complete. 

Throughout all these caves, wherever these broken 
bones are found, there is always a large amount of char- 
coal; and this association is so generej, so uniform, that 



' One of toy colles|[aes of tbo French Asaociation, M. Lecoq, of BuiBbeaudran, in a 
comDiDDicatioD before the aiitlimpulogical sectioD, makes aome very iutoresting re- 
marks upon the mode of octioD of the unilateral barbs of the harpoon. While paasing 
tbcoDgh the air these barbs do not caase the harpoon to deviate perceptibly, bat aa 
soon as it enters the water the uneqaal reaiatance it eDCOUUters must necessarily change 
ile direction. It would aeem, then, that the fisherman nho aimed stiaigbt for the fish 
woald mita it. Now, it is well known that a straight stick appears tu be broken when 
plunged obliiiuely in water; in like manner, in conseqaence of the refraction of the 
lumiuonsraya,the image of the fish is diEiplaccd, and if direct aim was taken at this 
image it would also bo missed. HereaTe,tfaeD, two canaee of error. Now, it is evident 
that if they can be biought to act in opposite directions they will connt^ract each 
other, and M. Lecoq shows that wbeu the barbud side is turned up the harpoon will reach 
its destination. This airangemeDt of the barpooD was then intended to rectify its 
coarse, which indicates great sagacity of obaervation in our troglodytes. 

Tbe inhabitants of X^rrt-de-Feu still use a harpoon barbed on one aide only. (See 
Pi«.13.) . 
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it is difficult to believe that the fires which were lighted, not only 
every day, but at every season of the year, were only for warmth. It is 
much more probable that they were used by the troglodytes for cooking 
their food. 

Wo do not know how they produced the fire; whether by striking flint, 
or heatiDg wood by frictioD, Nor do we know anything about their 
iirraugeiuents for cooking. They had no pottery, and could not boil 
their meat; ueitbar did they roast it, for only occasionally calcined bones 
are found, and these are calcined evidently by accident. It is possible 
that tiiey used wooden vessels, in which the water was brought to the 
boiling-point by the immersion of red-hot pebbles, but it seems to me 
much more probable that the food was cooked under the ashes, as is 
still the custom among savage i>eoplo. 

They were very fond of the brain of animals, and of the marrow of the 
long bones, for the heads and the marrow-bones (to the exclusion of all 
otijers) are uniformly broken. Marrow is considered a great delicacy 
among all savages. They break the bone in a peculiar manner, and the 
head of the tribe is honored with the first suck. Oar troglodytes nsed 
wedge-shaped pieces of flint as a kind of hatchet for breaking the bones. 
They also bad an instrument of boru, which was probably employed in 
extracting the marrow. (See Fig, 14.) Aicbteologista disagree in regard 
to this instrument. Some have supposed it to be a dart, because one of 
its estremities, if uot iwiuted, is conical in shape, and that the cavity 
formed in the other was intended to admit the handle; but, if so, the 
latter extremity Would not have beeu sbar[)ened to an oblique point 
before the cavity was made. On the contrary, the ]>art used i'or the 
handle, where strength was required, would have been heavier, not 
smaller and weaker. Besides, the elegant ornamentatiou of the exterior 
surface indicates that it was au object of luxury. The time required 
for such work was uot wasted in forming a weapon which might be lost 
in the first thicket encountered, I therefore think, with Edward Lar- 
tet and Christy, that this instrument was for extracting marrow, and 
was only used by persons of distinction. 

The troglodytes, when their repasts were ended, left the bones scat- 
tered upon the graund. In a warm climate these would have exhaled 
frightful odors, but we must remember that the temi>erature was much 
lower then than now. Moreover, we must admit that cleanliness was 
uot the domiuaut virtue of the men of this period, but their want of 
neatness serves us well, for, in consequence, the floors of their caves 
show us exactly what they had to eat. The flesh of the reindeer was 
their principal food, but they also lived upou the horse, the urus, seve- 
ral species of ox, the chamois, the goat, and even of the carnivorous 
animals. Thus far they but followed the example of their predecessors; 
but they had, in addition, the products of the fisheries, while the im- 
provement of the bow enriched their larder with a great variety of 
birds, whose b6nes are fonud among the remains of the repasts. 
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Among all these osseous fragmeuts there is uot a siugle human bone. 
Our good troglodytes were not anthropophagi. They were unacquainted 
with the saTage delight of eating a vauquished euemy. I state this 
with 'satisfaction, although I am uot of the number of thoso who attach 
greiit- importance to cannibalism. In the eyes of a philosopher the 
crime consists uot in eating the man, but in killing him. lu the latter 
respect we are perhaps more barbarous than they, for our boasted civiliza- 
tion, which ought to put an end to war, has only rendered it more mur- 
derous. I do not suppose the troglodytes always lived in peace ; they 
were obliged sometimes to flght iu order to defend oriucrease their 
hunting grounds, but their weapons are those of men of the chase — 
hunters, rather than warriors. 

- Fig. 14. Fig. IS. FiR. 17. Fig. 15. Fig. 16. 



Fig. 14. Spoon for mjiiTow. Figs. IS and 16. Needles. Fig. 17. A hunting Bcorer 
Hod marker. Fig. 18. Record. 

When we review their panoply we find their most formidable weap- 
ons, those which could be used in a hand-t«-band contlict, are few in 
numlMir, so we must conclude that they were pacific in their habits. 

It has been supposed that they wore no clothing, because the figures 
of them drawQ by their artists are entirely naked. But this is no proof; 
the Greeks always represented their goda and heroes iu a state of nudity. 
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We found in tUe caves all the iostrumeots needftil for sewing. They 
had Dcedlcs of boue and horn ; some with only a point like our shoe- 
maker's awl ; others with an eye for carryiog thread. (See Figs. 15 and 
16.) Some are vetj fine^ we have seen a needle-case made of the 
booe of a bird, which cootained several needles. Lartet and Christy 
have discovered the mode of manufacture. They foand a metacarpus of 
a horse, iu which, made with a fine saw, were incisions, longitudinal and 
parallel, isolating narrow aud tegular pieces of bona The work was 
unfinished, but it is evident that these isolated splinters of bone were to 
be formed into needles. 

The nature of the thread employed varied greatly. Did they use vege- 
table fiber and narrow shps of leather 1 It is possible, and even probable- 
TC is certain that our troglodytes made thread, or at least cord, out of 
tendons. Several savage tribes at this day use fine tendinous fibers for 
sewiug. The large posterior ligament of the herbivore might have fni- 
nished thread and cord of great strength. I have known this part of 
the OS to be used in more recent times by parents, in the moral improve- 
ment of their children. Whether the sinews of the reindeer were used for 
sewing I do not know, but the long tendons of the limbs were detached 
with great care, by means of a peculiar stroke which produced a slight 
but regular abrasion of the bone. This abrasion, always the same, is 
found on diilerent bones, but always at the point of insertion of a ten- 
don, and was evidently the result of an operation methodically per- 
formed, probably before the animals were handed over to the cooking 
department, and which had for its object the preparation of thread for 
sewing. 

The art of sewing implies the existence of clothing, not merely that 
primitive vesture which consists of a single skin thrown over the 
shoulders, but a much more complete raiment, formed, perhaps, of sev- 
eral skins. The abuudiinco of needles, and of scrapers used iu the prep- 
aration of shins, shows that the use of clothing was general. 

They also wore ornaments, which, perhaps, served as marks of dis- 
tinction, such as bracelets and necklaces formeil of shells, perforated 
and strung together. These are found in almost all the localities, and 
iu great numbers in the ancient burial-place of Grotnaguon. Some 
plates of ivory, prepared with great care and pierced with two holes, 
seem to have served as fastenings for these necklaces. 

These were not the only manifestation b of that spirit of vanity which 
leads man to adorn himself. Almost all savages make use of paint, and 
the barbarous practice of tattooing, in order to embellish their persons, 
and we have no right to look down upou them, for iu the most civilized 
countries the tattoo is still in favor, especially among sailors, aud the 
flue lady of society has not, it is said, entirely forgotten the use of pig- 
ments. It is therefore not surprising that we find among the troglo- 
dytes similar customs. Their caves contain numerous fragments of a 
species of i-edstone, called sanffuine. The stripes observed npoa these 
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show that they liave been scraped. A red color was thus formed, which 
was coDStantly ased in personal adornments. It is likely that tattooing 
also was practiced, since among the figures engraved upon various objects 
of reindeer horn, there are several representing the h»nd and fore-arm 
of a man, and upon the lower part of the fore-arm are designs in suoh 
regular patterns they can hardly be anything else than tattooing. 

I have already said onr troglodytes were not nomadic; individuals 
may have nndertakeu long journeys, but the tribe seldom or never 
wintered far from the cave. They must have obtained, by exchange or 
-commerce, certain articles foreign to the locality, sach as the perforated 
shells, of which their necklaces and bracelets were made. These were 
mostly of the species Littorina Uttorea, and came from the shores of the 
Atlantic, where they are abundant. They were recent shells, that is, not 
fossils, which is proved by the tints they retain to this day. There are 
others also pierced with a hole for suspension, which belong to five ex- 
tinct species of the Miocene age. They are entirely discolored ; and 
their molecular condition and worn appearance prove that they had 
been for a long time in the fossil state before they were unearthed to 
assist in adornment. JS'ow the pluces where these fossils were found 
were not in the neighborhood of the V4zire ; the nearest were those 
of Tonraiiie, and thence, in all probability, our troglodytes imported this 
addition to their toilet. We also find at these localities, and especially 
at Upper Laugerie, small objects of rock-crystal, which substance must 
have come from the Pyrenees, the Alps, or the mountains of Auvergne. 
The foreign relations of the troglodytes were therefore far extended. 

Had they religious belieft We found in their dwelling-places no 
objects which could serve for worship ; but they wore a talisman, or 
amulet, which consisted of a canine or incisor tooth of the wolf, the 
reindeer, the ox, or the horse ; a hole was carefully perforated in one 
end of the tooth to receive the suspending cord. Similar talismans are 
worn at the present day to assist the fortunes of the chase, and M. de 
Mortillet has observed in Italy an analogous custom. To counteract 
the influence of evil spirits, the tooth of a hog, mounted in silver, is fast- 
ened to the swaddling-clothes of the new-born child; and later, when 
the teeth commence to appear, tt is suspended from the neck of the 
infant, and serves as a coral or rattle. 

The iierforated teeth of the troglodytes were certainly not rattles; 
they were, perhaps, protective amulets, but more probably talismans 
for hunting. In either case, they were objects of superstitious venera- 
tion. May it not then be said that these people had a religion t I am 
no theologian ; I cannot say. It is difficult to know where superstition 
ends and religion begins. 

At the same period of time in other places certain funeral rites were 
observed. The dead wei-e deposited in a cave, the narrow opening of 
which was closed with a stone slab. In front of the cave was a small 
■ esplanade upon whicli the aflflicted relatives comforted themselves with 
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a feaat Tbis mode of consolatioa has been continaed from age to age, 
even dowu to the present time. 

At present only one banal-place of tbe troglodytes of the V^zfere is 
known — that of Cromagnon. It is a hollow rock, not a cave. Near tbe 
bodies were placed some fliut instriiments and ornaments of shells, bnt 
there is no trace of a closing stone. 

The government of the troglodytes was hierarobtcaUy organized. 
There were dignitaries of several degrees of importance. The proofs of 
such organization are fonnd only in the localities of the latest period : 
the Eyzies, Lower Laugerie, and tbe Madelaine. They consist of cer- 
tain large pieces of the hom of tbe reindeer, carefnlly formed, and gen- 
erally called rulers' strives or batons. They are very nomerous, and of 
a uniform type. Their entire surface is richly ornamented with varions 
designs, representing figores of animals, or bunting scenes. The care 
taken to make them as thin as possible, iu proportion to their width, 
shows that ligbtuess, and not strength, was desired. 31ost of tbem, 
not all, have, in one of their extremities, round holes, varying in num- 
ber from one to four. (See Figs. 10 and 20.) The destination of these 

Fig. 21. Pig. 19. Kg. 20. 



Fig. 19.— Ruler's atave or baton, nith auo bole, redac«d to •ne-tbird. FJg. SO. — The 
uiiiK', ivitli four holes, reilnccd to ODe-third. Fig. 21. — The pogamagao of tba Eaqni- 
mitiix, re<1uccil to one-fourth. 
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remarkable iDStrnments has heea, and still is, a subject of discussioD. 
They have been considered weapons, and it must be confessed they re- 
semble in form the pogamngan employed by the Esquiinnnx of Macken- 
zie's Hivor as a tomahawk, one end of which, formed into a blunt chisel, 
serves to break the ice. Tlie pogamagan, however, are longer, larger, and 
heavier, and instead of being flattened tlieir cylindrical form has been 
preserved, so that, resistance being equal in every direction, they admit 
of violent blows. They also are not pierced by the large holes which 
rendered the batons of the troglodytee too fragile for any mechanical 
use. These batons may then be considered a« the insignia of ofBce. 
They recall the scepter of the ancients, which was carried not only by 
kings, but by chiefs of lower rank. At the present day the dignity of 
a marshal is represented by a baton, a similar symbol of oflBce. 

The batousof the troglodytes are too numerous to be marks of royalty. 
Tliey were simply signs of hierarehal distinction, the holes, like the 
gold and silver lace of our officers, indicating the rank of the wearer; 
those with four h»les representetl the highest office; those witbontany, 
the lowest. 

The unity of design in the ornamentatiou, which generally includes 
the holes, shows that the baton was made after the iudividnal for whom 
it was intended ivas invested with his office. But in some cases the 
holes were evidently added afterward, as they cut into and mutilate 
the drawings. For instance, on ona baton a horse is represented; and, 
later, a hole was pierced, which divided the horse into two portions, 
(see Fig. 19,} the possessor having been so fortunate as to receive a 
promotion. 

This division into ranks, or grades, a sure sign that the community 
was large, may ha^■e arisen out of tho necessities of war ; but it is much 
more probable that they originated in the organization of hunting expedi- 
tions, for (Le chase was the principal element of public prosperity, and it 
was of the utmost importance that it should be properly regulated, since 
uiKin it depended the sustenance of the whole people. The tempera- 
ture was then much lowerthan it isnow,and theflech of the gamecould 
be preserved lor along time, especially during the winter months, so that 
there was constantly a greater or les.s amount of food stored in the cave, 
and tlio intervention of a domestic economy was necessary to avoid either 
waste or unjust division of these provisions. Certain rods of horn, with 
n great unniber of notches upon them, arranged in regular series, seem 
to have served as account books. These objects, kuown as hunting regis- 
ta-H, (see Fig. 17,) resemble the recording stick* used at the present day 
by the bakers of small villages, aiid in the country, to keep the accounts 
»f those, alas too nnmerous, who can no more read than our troglodytes. 
A wide, thin phite of bone, or ivory, with two rows of notches on the 
sides, and its two faces covered with series of points arranged trans- 
versely, seems also to have been a register of accounts. (See Fig. 18.) 

Thanks to the organization and administration whose indications we 
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have just noticed, the troglodytes, tbough a large commnnity, lived 
at ease. Food was so abnndaDt tbat tbey could select tbe better parts, 
atid reject tbose iuferior in qniility. Tbus tliey disdained tbe feet of 
animals, wbicb contain, between the bones and tendons, a considerable 
amount of alimentary matter, and we find in their caves entire feet of 
tbe deer, with every bone in place, as perfect as tbose of the skeletons 
of our mnseiims. They were evidently cast aside as undesirable for 
food, a fact which shows that the sources of subsistence more than sup- 
plied actual need. The destruction of the dangerous animals had insured 
safety, and the perfection of the chaxe secured abundance of food. Tbe 
more urgent necessities of life do longer required an entire consecration 
of the activity, intelligeuce, and time of tbe tribe. Leisure hours were 
possible, and leisure, combined with intelligence, engenders the arts. 

IV. — The aets of the troglodytes. 

To Egypt no longer belongs the distinction of having originated tbe 
arts. We learned a few years ago, to our great astonishment, that the 
men of tbe age of the reindeer practiced drawing, carving, and even sculp- 
ture. At first their efforts received only our admiration ; but now, the 
excitement of discovery over, we must confess there were some very 
bad artists among them. Still, although a large Dumber of the draw- 
ings are very crude, resembling tbe mde sketches made by idle children 
with charcoal upon our walls, there are some truly remarkable, indi- 
cating not only a skillliil hand, but an eye accustomed to tbe observa- 
tion of nature. 

Drawing, with these people, undoubtedly preceded sculpture. Fig- 
ures in relief are much more riire and less perfect than tbose made by 
lines. The latter are fonnd quite frequently at the Eyzies, and at Lower 
Laugerie, but are particularly abundant at the Madelaine, where they 
are also much more correct. 

All the drawings are made with indented lines, that is, etched, and for 
tbe most part ornament various objects of reindeer bom, such as tbe 
comuianders' batons, or the handles of poignards. There are some, 
however, made upon certain plates of ivory or horn, which could Lave 
been intended for no other purpose than to receive and display tbe work 
of the artist. (See Fig. 12 and Fig. 22.) 

Almost all the drawings are of natural objects, although there are 
some merely oroatnental lines, forming zigzags and festoons of more or 
less elegance; and, with the exception of three rose-like leaves engraved 
upon the handle of deer's bom, which seem inteuded to represent a poly- 
petal flower, tbey are principally of animals. The reindeer most fre- 
quently appears, then the horse ; tbe ox and the nrus more seldom. 
These animals are readily recognizable. Their characteristics are repro- 
duced with great accuracy, and often with elegance ; frequently tbey are 
isolated figures, covering without order, and in greatnumt>er8, the entire 
surface of an instrumeut, but sometimes they are formed into groups, 
and are seen in combat, or flying before man. 
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Of all tbese drawings the most important, aod also the moat rare, 
since, at present Uiere is but one specimen, is a representation of the 
mammoth, to which I have already allnded. It was found at the Made- 
laine in 1864. The execution of the hea«1 ia remarkably correct. (See 
Fig. 12.) Since then the Marquia de Yibraye has discovered at Lower 
Langerie a fragment of a commander's baton, with the head of a mam- 
moth sculptured npou it. These are the only represetitationa of the 
animal transmitted to us by the artists of the Wz^re, but they are sufB- 
cient to prove that it was not yet extinct. 



Fig. 93. — Combat of reiadeeiA. 

Representations of &sh are quite commou, and, with a single exception, 
that of an eel or lamprey, (if it is'oot a serpent,) they generally resem- 
ble the salmon iu form. M. Elie Mass^nat has discovered at Lower 
Langerie, upon a fragment of the scapula of an ox, a rude drawing of a 
fishing scene. It represents a man in the act of harpoouing an aquatic 
animal. The latter, although it has the form of a flab, is so much larger 
than the man that it has be«n supposed to be oueof the cetacen, probably 
a whale, and that the artist, in consequence, must have found his way to 
the Gulf of Gascogne. I am not dispoaed to admit this interpretation. 
It is bardly possible that the men of that time were aufBciently expert 
navigators to venture upon the ocean to harpoou the whale. It ia said 
the tail and back snggest the form of a cetaceous animal ; bat may it 
not rather be a porpoise than a whale t Porpoises sometimes sport in 
the Gironde, and I saw once, in my childhood, one of these animals car- 
ried by a flood even into the Donlogne, where it was stranded between 
Libourne and CastiUon. It was killed by fishermen with boatrhooks, 
and exhibited from village to village. If, as ia probable, the tide rose 
higlier iu those days than now, and particalarly if the Dordogne was 
wider and deeper, it is conceivable that a porpoise might ascend the 
river high enough to come within reach of the harpoons of our troglo- 
dytes, and so unusual an event would naturally inspire the entbnsiasai. 
of an artist — in this case very unskillful. 
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But I am tempted to believe that this pretended cetacean ia only a badly 
dra wn flsh. Tbe relative size of the man proves nothing, for tbe artist 
Lhrougliotit tbe entire sketch has manifested entire contempt for propor- 
tion. This too diminutive man has a gigantic arm, and the harpoon he 
throws is proportioned t« the size of the fish. We are reminded of cer- 
tain jocose drawings of tbe present day, in which pnny bodies are supplied 
with enormous heads. The great interest of this particnlar work of art 
consists in the unanswerable proof it gives that tlie troglodytes nsed the 
barpoon in fishing. I have already shown by indirect evidence that 
the darts, barbed only on one side, coald only be used as harpoons, and 
this drawing fully confirms that conclusion. 

The troglodytes, sometimes so skillful in the representation of animals, 
drew the bnman form very badly. Tbey very seldom attempted it, and 
only a single study of a head has been found. It is in profile, very 
small, and very grotesque. Two other drawings, very similar to each 
other, represent a fore-arm, terminated by a hand with foar fingers, the 
thumb hidden from view. Add to these the fisherman with tbe barpoon, 
and two hunting scenes, in which a man entirely naked, and armed 
with a dart, ox baton, is very rudely drawn, among figures of animals 
very skillfully executed, and you have a complete list of all the repre- 
sentations of man to be found in tbe gallery of the troglodytes. 

I have already said that the sp^imens of sculpture j^„ ^3 

are much more rare than the drawings. We only 
know of about half a dozen, and tbey all came from 
Lower Laugerie. One of them, belonging to the Mar- 
quis of Vibraye, represents a woman ; the others the 
following animals : a reindeer, (see Fig. 23,) the head of 
a reindeer, the head of a mammoth already mentioned, 
and the he^ of an animal not yet identified ; lastly, a / 
specimen discovered by M. Elie Mass^nat, called the 1 
twin oxen, representing two animals which may be I 
either oxen or nri. 

These sculptures are sometimes unfinished, and al- 
ways badly executed. It Is true they ornament the 
handles of poignards, or commanders' batons, and in 
order to accommodate the animal forms employed to this 
purpose, tbe artist was obliged to choose unnatural and 
uugracefut positions ; but, in spite of these extenuating 
circumstances, it mast be confessed that the troglodytes 
were very poor sculptors. 

On the contrary, in tbe art of drawing they mani- 
fested surprising skill. From I know not what rea- "^S^^JUl^Sn'^S 
son they paid little attention to the human form, and •>«J(»««d leindwr. 
failed in its representation, but the characteristics of animals were 
reproduced with such faithfulness, elegance, and spirit, as to denote true 
artistic feeling. 
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v.— THE EAOE. 

In ooticladiug the study of this ititeresting people we will now deter- 
mine the race to which they belong. The human bones thus far col- 
lected are, unfortunately, not sufiQciently namerous to satisfy entirely 
our curiosity. Still, they suffice to prove that their race was very differ- 
ent from thoBe which succeeded it, and that the learned anthropologist 
Retzius and his disciples were mistaken in supposing that all the popu- 
lations of Soatheru Europe, before the comparatively recent period of 
the]ndo-Europeanmigratioos,beIoDged tothe typeof thesAort Aeods, or 
brachyc^phalea. 

M. Elie Mass^nat discovered a few months ago, at Lower Langerie, the 
skeleton of a man who appeared to have been killed by an accidental 
fall of earth. But the auatomical description of this valuable specimen 
has not yet been published, which I especially regret, since it is the sole 
representative of the troglodytes of the latest period. The skulls and 
bones in the annexed drawings belong to a very much more ancient 
date. They came firom the ancient sepulchcr of Cromagnon, of which M. 
Louis Lartet, worthy son of an illustrious father, has determined, with 
great accuracy, the geological, paleontological, and areheeologic^ char- 
acteristics. This burial-place contained the remains of at least five indi- 
viduals ; but only three skulls, two masculine, one feminine, were suffi- 
ciently preserved for esamination. One of the men was apparently 
very old ; the other waH an adult, as was also the woman. Sear them 
was a young child. 

They were superior in stature to ourselves. The length of the femur 
of the old man indicates a height of five feet nine inches, while the size 
of the bones, the extent and roughness of the snrfaces of muscular in- 
sertion, and the extraordinary development of the maxillary bone, in 
which are inserted the masticatory muscles, manifest a strong constitn- 
doo. 

The tibias, instead of being triangular and prismatic like ours, are 
flattened like those of a gorilla, (See Fig. 21.) The upper part of the 
cubitus is very large and curved, and has a very small sigmoidat cavity, 
which characteristics recall the cubitus of the gorilla. But the con- 
fomation of the femur differs radically from that of the apes. With the 
anthropomorphous apes the body of the femur is flattened, is mnch 
wider than it is thick, and has not upon its posterior surfaces the lougi- 
tndinal crease which in man is called the sharp line. In existing races 
the thickness of the body of the femur is, in general, greater than its 
width, but the difference is slight. In the specimens of Cromagnon the 
femur is mnch thicker than wide. The sharp line, enormously devel- 
oped, is no longer a simple ridge, but a thick and prominent osseus col- 
nmn, which greatly increases the strength of the bone and the extent 
of the mnscnlar insertions. In this respect the people of Cromagnon 
differed much more from the simian type than the present races. 

The skeletons of these robust troglodytes bear traces of the violence 
of their manners ; in the lower extremity of one of the femors of the old 
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man is a hollow similar to that Bometinies prodaced io oar daj by a 
spent ball. It is evidently the resolt of an old wonnd received, perhaps, 
in the chase; perhaps in war; but a bnman hand, armed with a flint 
instrument, mgst have prodaced a loog, deep aperture wbicb appears 



Fig. 36. 



Fig.M. 



Fig.S5. 
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iD the skull of the woman ; the width of the opening shows that the brain 
mnst liare been injured, but Btill the victim was not killed instantly by 
the blow. The vascnlarization of the bone and the internal surface of 
the sknll show that she survived abont fifteen days. (See Figs. 27 and 28.) 
This shameful murder of a woman is not to the uredit of the people of 
Gromagnon. The study of the iudastries of these people has already 
shown us that their social condition was not abovethat of a savage tribe, 
and an examination of their skulls conflnns this opinion. With them 
tiie sutures of the anterior cranial region are very simple, while those 
of the posterior re^on are quite complicated. Besides, the former have 
a decided tendency to close long before the latter, two characteristics 
always observed in races or individuals leading an entirely material lifo. 
The troglodytes ot Oromagnoa were then eav^^,bat savages of intal- 
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ligeDce,aadcapableof improTeinent. We ODdamoDstbem certain signs 
of a powerful cerebral organizatdoD. The sbalU are large in diameter, 
carve, and capacity, and sarpaas the mean of those of existing races. 
They are rery elongated in form, saoh aa are called dolicbbc^phales, 
(which meaDBlongheaded,]but this shape of the head is not due, as with 
the Australian negroes, to narrowness of the skull ; on the contrary, the 
¥ig.7t. 



Bkdn of tbe iroDMii of Ciom&giuni In profllo ; the ■ptirtnn In the boital bne la oppannb 

transversal dimensioDS are well developed ; it is the increase of the 
aotero-posterior diameter which gives tbe elongated form ; tbe alveolar 
arch of the old man is oblique, but the upper part of the face is vertical, 
and the facial angle very obtuse. Tbe forehead is wide, not receding. 

Fig. 23. 



and describes a beantifnl curve. Tbe amplitude of the trontal compart- 
ment denotes a great development of tbe anterior cerebral lobes, wbicb 
are tbe seat of the most noble fitcolties of tbe mind. 
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If the troglodytes of Cromagnon were in a savage state it was be- 
cause the sarroflnding conditious were nnfaTorable to their development 
The couformatioQ of their brains shows that they were capable of 
culture, and, under favorable auspices, would make great and rapid ad- 
Fig. 29. 



Bknn of the old mi 

vauces in civilization. These rude hunters of the mammoth, the lion, 

and the bear are the worthy ancestors of the artists of the Madelaiue. 

Fig. 30. 



Bknll of the old mui of CiomagiiaD \ frost tIow. 

I have now given yon the principal focts in the history of the troglo- 
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dytes of tbe Y^zfere. For want of time I have been obliged to omit and 
curtail mnch tbat would have beea interestiug to have^welt upon, but 
Lope that you have been enabled to follow fromMoustier toOromagiion, 
from Cromagnon to Upper Laagerie and George d'Eufer, and then to 
the three localities of the Eyziea, Lower Laugurie, and the Madelaiue, 
tbe progressive evolutiou of an iDtelligent race who lulvanced gradually 
from the most savage state to the very threshold of civilization ; for tbe 
troglodytes of the last period, with a regularly organized society, and 
possessing indostry and the arts — the two great levers of progress — 
were, so to say, within oue step of a truly civilized couditioo. 

Rg.31. 



Skull of tbe old nao of CimnogDOD ; TarUul vtsw. 

This interesting people suddenly disappeared, leaving no trace in tbe 
traditions of men, not gradually, after a perio<1 of decadence, but rapidly, 
without transition, perhaps suddenly, and with them tbe light of the 
arts is extinguished. Theu foUowsa period of darkness, a sort of middle 
age, of unknown duration. The chain of time is broken, and, when we 
would resume it again, we flud in tbe place of tbe hunters of tbe rein- 
deer a new society, a new industry, a new race, a people who are 
acquainted with agriculture, who domesticate animals, raise megallthic 
monuments, and have the ax of polished flint. It is the dawn of a 
new day, but the knowledge of the arts has been lost. Sculpture and 
design have entirely disappeared, and it is not until the latest days of 
polished stone that we discover, and then only here aud there upon an 
occasional moonment, some attempts at ornamentation, which have 
absolutely nothing in common with tbe remarkable artistic productions 
of the troglodytes. 

This sudden aud complete extinction of the troglodytes suggests the 
occurence of a cataclysm, but such a supposition is contradicted by 



nGoo^^lc 



344 THE TEOGLODYl'EB. 

geology, and, in order toexplftio this pheDomeDOD, it is not necessary to 
iDtroduoe any otber iDflaence than that of man. Our hantera of the rein- 
deer, with their peaceable mode of life and their light weapons, were not 
prepared for combat, and not in a condiliou to reeistattack, so that their 
hndiling civilization yielded immediately when their valleys were in- 
vaded by tribes better equipped for war; perhaps already in possession 
of the polished ax. Then, as now, might was right. 



BXCn^ION TO THE EYZIBS. 

At 5 o'clock a special train carried seventy-two excnrsionists ; the 
sun arose in splendor and announced a beautifnl day. The road as far 
as Periguex presented little to attract attention, and animated conver- 
sation beguiled the time until at 6 o'clock we entered the celebrated 
valley of the V^zfere, and stopped at the station of the Eyzies. 

After partaking of an excellent repast prepared for us, at 11 o'clock 
we climbed the steep sides of the eminence which overlooks the present 
village, on the hanks of the Beane, and, surrounding M. Louis Lartet, 
were so fortunate aa to hear a detailed acconnt of the discoveries which 
have rendered so illustrious the cave of the Eyzies, where his £ather, 
our regretted master, with tlie aid of Christy, commeuced his series of 
distinguished explorations. 

The cave still contains namerous osseous fragments, in which are 
mingled pieces of bone, flint implements, rounded or luigular pebbles 
and schistose plates of rock, for the most part foreign to the valley. 
Many a museum has been enriched by similar fragments from the 
Eyzies by MM. Ed. Lartet and Christy, and we were each allowed to col- 
lect some specimens. In this cave were found the first drawings of the 
age of the reindeer. (August, 1863.) 

year the entrance of the cave, upon the lateral and exterior prolonga- 
tion of the platform are traces of artificial coostmctions, of a relatively 
very recent period. A stable was partly suspended in the air, and 
covered, doubtless, with a pent-house roof supported in holes in the rock 
which still esist. 

We then proceeded to Cromagnon, a place very celebrated in the 
annals of science. In 1868 the coostniction of the railroad neces8itat«d 
the removal of an enormous tains at the base of the rocks on the left 
shore of the V^z^re, and at the bottom of a cave so shallow it might 
rather be called a hollow, some human bones were discovered. M. Louis 
Lartet was immediately sent to the place by the minister of public in- 
struction, and found that there were four superposed strata blackened 
by fire. 

In all these strata were the same industrial Implemente, fiint chiefly 
shaped into scrapers, instmments of bone, bodkins, urows, &c., and 
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also the same aaimals — ^tbe great bear, FelU gpeltBOf the wolf, Comu 
vitlpes^ a spermophile, two Lepua, the Elepkas primiffeaim, the sua, the 
horse very abnodaat, the reindeer, the arns, some teeth of the com- 
mon deer, anii lastly a species of goose. Without ft doubt the vestiges 
of successive habitation in the hollow of Cromagnon are traces of the 
same race of huuters. When the accnmalntion of cnlinary dSbrw had 
considerably reduced the height of the little cave it became the final 
abode of a few of these ancient people. Five skeletons, a'woman, a 
child, an old man, and two yonng men were found in it, and, with them, 
ne^irly three hundred marine shells, especially the Littorina Uttorea, 
some amulets of ivory-pierced teeth, instruments of reindeer horn, &c 

From tlie absence of barbed arrows and of engraving on stone, and 
from the predominance of the horse over tlie reindeer, Cromagnon dates 
before the last period of the caves, and is very nearly contemporary 
with that of Upper Laugerie, which was visited immediately afterward 
by the association. Each member had been supplied by M. Emile Oar- 
tailbiic with a map of the valley of the Y^z^re, on the side of which were 
represented the excavations of Gromagrnon and Lower Laugerie. 

In passing to Tayac the association stopped for a few moments to 
examine an interesting Roman church ; a short distance further on they 
crossed the Y6z^re in a ferry-boat, and were charmed with the pictur- 
esque aspect of the valley. The right branch of the river is not wide, 
and the steep declivities which rise almost vertically are less than 50 
meters from the river. Above the hamlet of Upper Laugerie we ob- 
.served a talus with a line of enormous blocks of stone upon it, and were 
told that it was a cornice of rock which had fallen during the last cen- 
tury, destroying human habitations, sheep, and cows in its descent. The 
present occupants of the soil, with no fear of a similar accident, have 
rebuilt their miserable cabins upon some of the fallen rocks. It is here . 
that MM. de Vibraye and Franchet collected, sometimes below the level 
of the waters of the Y^z&re, large quantities of those dint instruments 
with oval ends and both aides shaped, which have become characteristic 
of an intermediate period between the age of the locality of the Moustier 
which succeeded that of Saint Acheul, and the age of Eyzies, of the 
Madelaine, &c. 

Above this important stratum lie the deposits of thb 1a»t period of 
the time of the reindeer, which witnessed the birth of industry and the 
arts, of drawing and of sculpture. These commence at Upper Langerie, 
and coDttnne for several hundred yards toward Lower Laugerie, where 
they form a talus of 12 meters in thickness. Protected from the damp by 
the overhanging rocks, the bones are admirably preserved, and the 
excavations made have been attended with astonishing results. MM. 
Ell. Lartet and Christy, and the Marquis of Vibraye commence<l the work 
which was continued for six years by M. Elie Massenat, (de Brives.) 

S^umerous relics of every period have been collected at the surface of 
the talus, but especially of the age of bronze and of polished stone. 
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Tbe snperfitiial strata have been freqaeDtly searolied for specimeus, oa 
they still coiitinne to be by the present inhabitaDt^ These poor people 
even dig up the floors of their dwellings for this purpose, and we were 
qaite astonished to find deep boles under their beds and tables and 
bareaus, escavated for the extraction of these vestiges of ancient life. 

We have eapeoiall; noticed the avalanche of rouks of the Upper 
Laagerie, but siaiilar occurrences have taken place all along the valley. 
X£ocks have constantly fallen. The savages of the age of the reindeer 
were established on the banks of the Y^z^re when the valley was in its 
present condition. Undismayed by the avalanches of stone which, at 
intervals, destroyed their homes, they fearlessly re-assamed possession 
of the soil and rekindled their extinguished fires in the space between 
the fallen rocks. 

It is between the rocks, therefore, that the excavations have been made, 
bat these irregular subterranean passages are difficalt and dangerous to 
explore. The day before our visit heavy rain had fallen, the V4z6re bad 
risen 3 meters, and the modem troglodyte who was in M. Mass^nat's 
employ had heard ominous cracking sounds. The rocks around which 
the opening had been made had settled down, and at any moment might 
fall. Prudence deterred us, the excarsionists, from ventoring into the 
deep passages, tbrongh which it would have been necessary to crawl on 
hands and knees ; and, by the light of a candle, we looked into an open- 
ing black as night, in which we coald see broken bones and flint instm- 
ments without number. • M. Mass^nat then conducted us to ttie place 
where, last March, in company with MM. Lalande and Cartailbac, he 
had exhumed an entire hnman skeleton, all the bones of which have 
been preservedaod cast. 

The members of the association were convinced that these valuable 
remains were contemporary with the great extension of the reindeer in 
the country, but one of their uumber was doubtful as to the cause of 
their presence position. He supposed that -the place in which they 
rested must have been a sepulcher. MM. Mass^uat, Lalande, and Car- 
tailbac, who had carefully observed every circumstance of the discovery, 
thought that the man had been killed by the descent of an avalanche, 
and Professor Broca and others adopted the latter opinion. 

M. Mass^uat spoke of the human bones he bad iVequently fonud in 
tlie kitehen remains, which he regarded as a proof of cannibalism, or at 
least that the men of the age of the reindeer paid little respect to their 
dead, a fact which increased bis doubts as to the existence of sepal- 
chers at this time, although later they were employed, beyond a doubt. 

But time was passing, and, leaving Lower Laugerie, where each 
member of the association had made ample collections of flint instru- 
ments, fossil bones, reindeer-horn, &c., we desceitded to tbe Got^ 
D'Enfer. Here the luxuriance of tbe vegetation was in strong contrast 
with the somewhat desolate aspect of the declivities of the V^g^re. 



mzecDy Google 



ETHKOLOGY. 347 

We entered an immense cuve, as large as a great theater, dimly liglited 
by such rays of the setting sun aa Touud tbeir way tbrdugb the foli.ige 
of a thicket of trees which shaded the eutrance. It was empty. Most 
of the fossil boues it ouce contained bad been used to enrich the fields 
it overlooked, and the remainder had been caiefuliy removed by M. 
Lartet. Tbey were especially valuable, for this locality is more aucient 
than that of Lower Laugerie and others of a similar age. 

We had DOW seen all the prehistoric localities of the Byzies, with the 
exception of tbe Moustier cave, which is a type of the most aucient 
deposits made by men in the caves when tbe valley was only partially 
formed ; but this excarsion could'not be made on foot, and our time was 
too limited for its accomplisbmeot. 

Thanks to tbe exertions of M. Laganne, lh)m tbe Eyzies, head work- 
man of MM. Christy and Lartet, the arrangements for the comfort of 
tbe excursionists throughout tbe day were unexceptionable, and as we 
descended tbe V4z6ra in order to reach the ferry near tbe railroad 
bridge, we foand some ladders placed against the declivity, which en- 
abled us to olimb into an artificial cave of several interior stories. In 
these chambers were niches, mangers for the animals, rings, &c., out in 
the rather soft rock. These caves ore not rare in this neighborhood. Id 
Corr^ze, about Brives, at Lamourou an entire bill is cut into five 
stories of stalls, large and small, and very irrregnlar in form. Similar 
excavations are found all over France, and in certain regions, Aisoe, for 
example, are still inhabited. In Dordogne and Corr^ze they must be of 
very ancient date. 

At 5 o'clock we retook the train, and onr regret, as we rapidly left 
the valley of the V6z6re, was tempered by the pleasant memory of what 
we bad seen and beard. Onr locomotive sainted the declivities of Lau- 
gerie in passing, and we thought there coold not be a more striking 
demonstration of the law of progress than to speed, with the fall power of 
steam, under tbe brows of the mountain which had served onr savage 
ancestors as a rendezvous, for the chase. See tbe people of Moustier, 
hunting the mammoth, the rhinoceros, the bear, and the lion with rude 
stone implements, held in the hand or imbedded in a heavy spear. 
Again, long after, when the river had deepened its bed 30 meters, be- 
hold their descendants of Upper Laugerie, the gorge d'Enfer, Gromag- 
non, armed with the bow and arrow. Then civilization commenced ; at 
the Madelaine, the Eyzies, Lower Laagerie, bone was worked into va- 
rious forms and art was generated. Then appeared a new people, with 
pottery, domestic animals, and the polished ax ; we know the rest. Upon 
such facts may be based the most happy auspices for the future; a future, 
it is true, not of nations nor of races, but of humanity. 

At Feriguenx we dined at the railroad-station, and entered Bordeaux 
at half past 11 o'clock. 
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ASCIENT ABORIGINAL TRADE IN NORTH AMERICA. 

Bt Chables Bau. 

Tbe following teaaj was published in Oermao, ToL T of the ArMv JUr AnOm- 
polopie (Braunschweig, 1972); bat as the Hubjttot is pnrelf North American in chv 
Mit«r, tbe author baa deemed it proper tn prepare a veraion in tbe language of tbs 
ooantr; to which it refers. The present reptodaction, bowever, is enlarged and im- 
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INTEODUOTION. 

lodicatioDB are not waatiug that a kind of trade or traffic of some 
extent existed amoog tbe prehistoric inhabitants of Earope, even at a 
time when they stood comparatively low in the scale of haman develop- 
ment. Tbe same practice prevailed in I^orth America, before tliat part 
of the new world was settled by Enropeans ; and as the the snbject of 
primitiTe commerce is of particular interest, becanae it sheds addi- 
tional light on the conditions of life among by-gone races, I have col- 
lected a namber of data bearing on the trade-relations of the former 
inhabitants of North America. The fact that sach a trade was carried 
on is proved, beyond any doubt, by the frequent occurrence of Indian 
manafactDres consisting of materials which were evidently obtained fhim 
for distant localities. In many eases, however, these manafaetures may 
have been bioagbt as booty, and not by trade, to the places where they 
are found in our days. The modem Indians, it is well known, sometimes 
undertook expeditions of a thousand or twelve hundred miles, in order to 
attack their enemies. The warlike Iroquois, for example, who inhabited 
the present State of New York, frequently followed the war-path as Car 
as the Mississippi river. Thus, io the year 1680, sis hundred wuriors 
of the Seneca tribe invaded the territory of the Illinois, among whom La 
Salle sojourned just at that time, preparing to descend the Mississippi 
to the Gulf of Mexico.* More thou a hundred years ago, the traveler 

* MoigaD, League of tbe Iroqnoie, Boobester, 1851, p. 13. More preoise infbnnation 
concerning tbia memorable expedition is to be fbnnd in the writings of Hennepin, 
Uembr^, Lahontan, and otbera. 
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Carver learned from tbe Wimiebagoee (in the present State of Wiscoa- 
aiD) that tbey sometimes made war-ezcarsions to the sonthwestera parts 
inhabited by Spaniards (New Mexico), and that it required months to 
arrive there.* Similar excursions and migrations, of coarse, took place 
daring the early anknown periods of North American history. In the 
coarse of such enterprises the property of the vanquished naturally fell 
into the bands of tbe victors, who appropriated everything that ap- 
peared nsefiU or desirable to them. Tbe conseqneoce was an exchange 
by force — if I may call it so — which caused many of tbe mannfactares 
and commodities of tbe various tribes to be scattered over the face of 
the country. This having been tbe case, it is, of course, impossible to 
draw a line between peaceable barter and appropriation by right of 
war, and, therefore, while employing hereafter frequently the terms 
"trade" or "exchange," I interpose that reservation which is neces- 
sitated by tbe circamstances just mentioned. 

Of the Indian commerce that has sprung up since the arrival of the 
Europeans I shall say but littie, oonsidering that this subject has suffi- 
ciently been treated in ethnological and other works on North America; 
and I shall likewise omit to draw within tbe sphere of my observations 
that interesting trade wbich was, andstillis, carried on between the tribes 
inhabiting the high north of Asia and America, where Behring's Strnit 
separates the two continents. My attention is chiefly directed to the 
more ancient mannfactares occnrriug in Indian mounds and elsewhere ; 
and the distribution of these relics over distant parts of the country, 
in connection with the known or presumed localities which furnished 
the materials composing them, forms the basis of my deductions. Thus, 
my essay will assume an arehaological character, and for this reason I 
shall confine my remarks to that part of the United States concerning 
whose antiquities we possess the most detailed information, namely, the 
area which is bounded by the Mississippi valley (in an extended sense), 
by tbe Great Lakes, tbe Atlantic coast, and the Golf of Mexico. 

A number of archaeologists make a distinction between the builders 
of the extensive mural earthworks and tumnii of North America and 
the tribes whom the whites found in possession of the country, and 
conseqaenUy separate tbe relics of the so-called mound-builders from 
those of the later inhabitants. Such a line of demarcation certainly 
mast appear totally obliterated with regard to tbe relations which I am 
about to discuss, for which reason I shall by no means adhere to tbis 
vague division in my essay, bat sball only advert to the former Indian 
population in general. 

In the following sections I have first treated of a number of materials 
which formed objects of trade, either in an nnwrooght state or in tbe 
shape of implements and ornaments ; and subsequently, in conclusion, 
I have made some observations tending to add more completeness to 
my preceding statements. 

• Carver, T»vd«, &«^ HwpM'a reprint, N«w York, 1838, p. 4S. 
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Every one knows that the region where Lake Superior borders on the 
northern part of Michigan abounds in copper, which occotb here in a 
native »tate and in immense maeaes, the Beparatioa of which and rais- 
ing to the surface contribat« in no slight degree to the difficulties of 
the mining process. Long before Boropeans penetrated to those parte, 
the aborigines already possessed a knowledge of this wealth of copper. 
This fact became known in 1847, at which time the traces of ancient 
aboriginal mining of some extent were pointed out in that district. The 
circumstances of this discovery and the means employed by the natives 
for obtaining the copper being now well known, a repetition of those 
details hardly would be in place, and I merely refer to the writings 
relating to this subject.' 

Copper was, indeed, the only metal which the "North American 
tribes employed for some purposes before their territories were colo- 
nized by Europeans. Traces of wrought silver have been found, but 
they are so exceedingly scanty that the technical signiflcaace of this 
metal hardly can be taken into coDsideration. Odd was seen by the 
earliest travelers in small quantities <in grains) among the Florida In- 
dians ;f yet, to my knowledge, no object made of gold, that can with 
certainty be attributed to the North American Indians, has thus far 
been discovered.} The use of copper, likewise, was comparatively lim- 
ited, and cannot have exerted any marked influence on the material 
development of the natives. The copper articles left by the fonner in- 
habitants are by no means abundant. As an example I will only 
mention that, during a sojourn of thirteen years in the neighborhood of 
St. Louis, which is particularly rich in tamnlar structures and other 
tokens of Indian occupancy, I did not succeed in obtaining a single 
specimen belonging to this class. Copper implements, such as axes, 
chisels, gravers, knives, and pointe of arrows and spears, have been 
found in the Indian mounds and in other places; but most of the ob- 
jects made of this metal served for ornamental pnrposes, which circum- 
stance alone would go far to prove that copper played but an indifferent 
part in the industrial advancement of the race. If the ancient infaabit- 
ante had understood the art of melting copper, or, moreover, had na- 
ture furnished them with sufiBcient supplies of tin ore for producing 

* SqDier and Davis, Aacient HoamueotB of the MiiBiwippi Valley, Sinithsoniaii In- 
stitution, Washington, 1648. Foster and Wbltoey, Report on the Geology and Topc^- 
rapby of the l-ake Superior Land District, Fart I, Washington, 1^0. Schoolcraft, 
lodiao Tribes of the United States, Vol. I, Pbiladelpbia, 1851. Lapham, The Antiqui- 
ties of WiscooBin, Waahington, 1H55. Whittlesey, Ancieut Miuiog on the Shores of 
hake Snperior, Washington, 1863. Sir John Lubboak, Prehietoiio Times, London, 
IWS, &e. 

tSee: BriQton.Notes on the Florldlan PenlnsDla, Philadelphia, 1868, Appendix III. 

t In the SmithsoDlan Report for 1870, Joal published, the ocenirenoo of gold beads in 
ft roonnd uear CartetsTille, in the Etonab valley, Qeoigia, ie recorded. NatiTe goii U 
Hid to be fbond in the neighboifaood, (p. 360.) 
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broDze, that peculiar composition which the Mexicans and Peruviaos 
employed, tiieir state of civilization doubtless wonld have been much' 
higher when tbe whites arrived in their conntry. Tbey lacked, how- 
ever, as far ae investigations hitherto have shown, the knowledge of 
renderiDg copper serviceable to their purposes by tbe process of melt- 
ing, contenting themselves by hammering purely metallic masses of 
copper with great labor into the shapes of implements or articles of 
decoration. These masses they doubtless obtained principally, if not 
entirely, from the copper districts of Lake Superior.* Owing to the 
arborescent or indented form under which the copper occurs iu the 
above-named region, nearly all copper articles of aboriginal origin ex- 
hibit a distinct laminar structure, thon^h quite a considerable degree of 
density has been imparted to the metal by continued hammering. It 
must be admitted, furthermore, that tbe aborigines bad acquired great 
skill in worliing tbe copper iu a cold state. From an arcbteological 
point of view this peculiar application of natural copper is certainly 
very remarkable, and, therefore, has often been cited, both by American 
and European writers. To the native population, however, the com- 
paratively sparing use of copper cannot have afforded great material 
aid, and its chief importance doubtless consisted in tbe promotion of 
intercourse among the various tribes. 

Tbe first travelers who visit«d Korth America saw copper ornaments 
and other objects made of this metal in the possession of the natives, 
aud very scrupulously mention this fact iu their accounts, while they 
often leave matters of greater importance entirely unnoticed. This can- 
not surprise us, considering that the first discoverers were possessed of 
an immoderate greediness for precious metals, and therefore also paid 
particular attention to those of less value. The Florentine navigator, 
Giovanni Yerazzano, who sailed in 1524, by order of Francis tbe First 
of France, along the Atlantic coast of North America for purposes of 
discovery, noticed, as he states in his letter to tbe French king, on the 
persons of the natives pieces of wrought copper, "which they esteemed 
more than gold." Many of them wore copper ear-rings-t In the nar- 
rative which the anonymous Portuguese nobleman, called the Knight of 
Elvas, has left of De Soto's ill-fated expedition (1530-'43) it is stated 
that the 8paniardssaw,in the province of Cutifachiqui, some copperases, 
or cbopping-knives, which apparently contained an admixture of gold. 
Tbe Indians pointed to the province of Chisca as the country where 
the people were familiar with the process of melting copper or another 

■ Some of the oatlvee of the nortbenunoat put of tbe United States, lately pur- 
obased fTom BoeBia, worked copper before tlie Eniopeaii occapatioD. Their iuiluHtry 
was, of coarae, eotirely indepeDdent of that here under conBideTation. (See, for in- 
staDce, VoD Wraugell, Bu»»i*(Ae Bentanngat on dtr XordteeatlcHMtt twa Amerika, St. Peten- 
barft, 1039.) 

t Tha Vojage of John de TenmaDo, in Collectiona of the New York Eiatoriaal So- 
ciety, Second Series, Vol. I, New York, 1641, pp. 47 and 50. 
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metal of a lighter color and inferior hardnesa* It is very nataral that 
. these gold-seeking adventorers sboald ha.ve anticipated everywhere 
traces of that valaable metal ; and cooceroing the statements of the 
Indians in relation to the molting, it is well known how apt the crafty 
natives always were to regnlate their answers according to the wishes 
of the iuqnii-ers. Yet, notwithstanding these improbabilities, the fiict 
remains that the natives of the present Sonthern States ased imple- 
ments of copper some centuries ago. Indeed, I have seen in the col- 
lection of Colonel Charles C. Jones, of Brooklyn, copper articles of the 
above description, obtained in the State of Georgia. When Henry 
Hudson discovered, in 1609, the magnificent river that bears his name, 
be noticed among tbe Indians of that region pipes and ornaments made 
of copper. "They had red copper tobacco-pipes, and other things of 
copper they did wear about their necks." Kobert Joet-, who served un- 
der Hndsou as mate in the Half-Moon, relates these details Id the jour- 
nal he has tell behiud.t Additional statements of similar purport 
might be cited from the early relations concerning the discovery of 
North America. 

While Messrs. Squier and Davis were engaged, more than twenty 
years ago, in surveying tbe earthworks of the Mississippi valley, more 
especially those of the State of Ohio, they found in tbe sepulchral and 
sO'Cailed sacrificial mounds a number of copper objects, wfaich tliey have 
described and flgared in the work containing the results of their investi- 
gations.^ They also met small pieces of the nnwrought natural metal 
in some of the mounds. The copper specimens obtained during this sur- 
vey were formerly iu the possession of Dr. Davis, one of the explorers, 
and I had frequent occasion to examine them. At present they form a 
part of tbe Blackmore Museum, at SaUsbury, England, to whicli insti- 
tute Dr. Davis sold his valuable collection. They are either implements, 
such as axes, chisels, and gravers; or bracelets, beads, and other probably 
ornamental objects, exhibiting qnite pecuUar forms, which were, i»erhap3, 
owing to the singular methods employed in fashioning the copper into 
definite shapes. Tbe axes resemble the flat celts of the European bronze 
period, and doubtless were fastened in handles like the latter. Some 
of the bracelets of the better class are of very good workmanship, the 
simple rods which form them being well rounded and smoothed, and 
bent into a regular circle until their ends meet, I have seen quite simi- 
lar bronze bracelets in European collections. The objects just described 
obviously have been fashioned by hammering; others, however, con- 
sisting of hammered copper sheet, received their final shape hy pressure. 
To these belong certain circular concavo^ftovex discs, &om one and one- 

' NurativeB of the Career of Hemaudo de Sato [n tbe Cooqaest of Florida, as told 
by a Knigbt of EWas, and in a Relation by Lays Hernandei de Biedma, Factor of 
tbe Espedition. Translated by Buckingham Smith. New Vork, 1866, p. 72. 

tJonmal of the Voyai^ of the Half-Hooa, in Colleotioiu of the New York HiBtohoal 
Society, Second Series, Vol. I, 1841, p. 383, ** 

t Ancient HonnmeDta of the Hissiaeippi Valley, pp. 196-^07. 
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half inches to two incheB io diameter, .vbich have been likened to the 
bosses observed on harnesses. Concerning their ase, nothing is defin- 
itely known, bat it is presamed that they were destined for purposes of 
ornament. Tbe manipulation of pressure was likewise employed Id mak- 
ing smaller articles of decoration resembliag the convex metal buttons 
still seen on the clothes of the peasantry of Germany and otfaer Euro- 
pean countries. However, in minutely describing these remarkable 
prodacts of aboriginal art, I would merely repeat what already has 
been stated, detailed accounts being given in the well-known work of 
Messrs. Squier and Davis. 

Although the fire ou the hearths or altars now inclosed by the sacri- 
ficial mounds* was sometimes safficiently strong to melt the deposited 
copper articles, it does seem that this proceediug induced the ancient 
inhabitants to avail themselves of fire in working copper ; tbey persisted 
in tU,e tedious practice of hammering. Yet one copper axe, evidently 
catt, and resembliug those takeu from the mounds of Ohio, has been 
ploughed upuear Auburn, inCayuga County, in the State of N'ew Tork.t 
This specimen, which bears no traces of use, may date from the earlier 
times of European colonization. It certainly would be wrong to place 
much stress on such an isolated case. The ludians, moreover, learned 
very soon from the whites the art of casting metals. For this we have 
the authoritjrof Roger Williams, who makes the following statement in 
rejerence to the New England ladians ; "■They have an excellent Art to 
east our Pewter and Braese into very neate and artijiciall Pipea.^ 

In the Lake Superior district, resorted to by the aboriginal miners, 
there have been found, besides many grooved stone hammers (sometimes 
of very large size) and rnde wooden tools, various copper implements, 
such as chisels, gads, &&, and some spear-heads in which, in lieu of a 
socket, the flat sides at the lower end are partly bent over,§ a feature 
also peculiar to certain Earopeau bronze celt«, which, on this account, 
are denominated " winged" celts. 

The copper-lands of Kortheru Michigan, it has been stated, were 
visited by the aborigines for the sake of obtaining copiKr at a period 
anteceding the arrival of the wbites. It is probable that small bands of 
various northern tribes made periodical excursions to that locality, return- 
ing to their homes when they had supplied themselves with sufGcieut quan- 
tities of the mucb-deshred metal. The indications of permanent settle- 
ments, namely, burial-places, defensive works, traces of cultivation and 

* For a prociM deserlptioD of tbo remarkable Btratlfied monndB deaominstod " ucri- 
flcial,'' I most refec to the "Anatent MoDomenta of tbe MisaiMippi Valle7." Bnmed 
hnmMi bonea being often diRoovered In them in connection with manutiictnred objects, 
Bir John Labbock snggeete that tbew monads are of a aepnlchial rather than a sacri- 
ficial cbaracter. (Prebistoria Times, firat ed., p. 219, &c.> 

tSqnier, Aboriginal Honnmenta of the SUte of New York, WaaUiigton, 1849, p. 78. 

tBogerWilliams,AEey into the Langnageof America; Itevidence, 1627, p. 65. (Bfr 
print of tbe London edition of 1643.) 

f Whittlesey, Ancient Mining, Jkc 
23s 
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(Iw^ellings, &c., are wanting, and- the small Qamber of cbaaeableaDunalB, 
iDdeed, oQered bat little indiicemeDt to a protractecl sojoarn. The ques- 
tion, at ?bat time the natives ceased to resort to the mines, has been 
ansTered ia varioas ways. Mr. Whittlesey is of ojiiuiou that from five 
to six hundred years may have elapsed since that time, basing his arga- 
ment oo the growth of trees that have sprung up iu the rubbish throwa 
oat from the mines; Mr. Lapham, on the other hand, believes in a con- 
tinuance of the aboriginal mining operations to more recent periods, and 
thinks they were carried on by the progenitors of the Indians still in- 
habiting the neighboring parts, although they possess no traditions 
relative to sach labors. Probably as early as the first half of the sev- 
enteenth century the French of Canada entertained with those tribes a 
trade that provided the latter with iron tools, and the ornaments and 
trinkets so much coveted by the red race. Thus, the indacemeiit« to 
obtain copper ceased, and the practice of procuring it being once dis- 
continaed, a few centuries may have sufficed to efface the tradition from 
the memory of the sacoeeding geaerations. Yet, like many other jioints 
of North American archfflologj-, this matter is still involved in obscu- 
rity, and it would be hazardous, at present, to pronounce any decided 
opinion on the sabject.* 

The occurrence of native copper in the United States is not confined 
to the shore of Lake Superior. As I am informed by Professor James 
D. Dana, it is arso met, in pieces of several poands' weight, in the valley 
of the Connecticat river, and likewise, in smaller pieces, in the State 
of New Jersey, probably originating in both cases from the red sand- 
stone fonnatiou. Near New Haven, Connecticut, a mass was found 
weighing ninety poands. Such copper finds may have famished a small 
part of the metal worked by the aboriginal inhabitants; its real source, 
however, must be sought, in all probability, in the mining district of 
Lake Saperior. It is a remarkable circumstance that the nativeeopper 
there occurring sometimes incloses small masses of native silver, a jux- 
taposition which, as I believe, is not to be observed at any other place 
in the United States; and just such pieces in which the two natural 
metals are combined have been taken from a few of the tumuli of 
Ohio. 

Though copper articles of Indian ori^n are comparatively scarce in 

*The ludiftiiB certAinlf are a forgetful race. Tha traveler Stepheog, whaha« exam- 
ined and described the graod minsof ancient baildingaiaYucutan anil the neighboring 
atatea, maintalui — and 1 believe on good groands— that these erectioDB, at least in 
part, are the work of the same Indian populations with whom the conqaistadoiea 
(Hetnaudez de Cfirdovo, Orijalva, Cort^) wore brought into ooutaoC iloring the six- 
teenth oentnry. The preMnt deaoendante of the bnilders of those luaguificent worla 
have preserved no reooUeotions of their mote advanced anoeatnrs. Whenerur Stephen* 
asked tbem conoeming the origin of the buildings, their answer was, they btui been 
erected by tlie antiffiun; bat they could not explain their destination ; they were un- 
acquainted with the meaning of the stataes and fresco paintings, and manifeeted in 
general a total ignorance of all that related to their former biatory. 
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the TJaited States,* the field of their distrihutioD, nevertheless, is very 
vide, extending from the Great iMkes to the Gulf States, and from the 
Atlantic coast to the Mississippi, and, perhaps, some distance beyond 
that river. Taking it for granted, as we may do, that the ttortbem part of 
Michigan is the point from which the metal was spread over that area, 
the traffic in copper presents itself as very extensive as far as distance 
is concerned. The difficulties connected with the labor of obtaining this 
metat doubtless rendered it a valuable object, perhaps no less esteemed 
than bronze in Europe, when the introduction of that composition was 
yet of recent date. The copper probably was bartered in the shape of 
raw material. Small pieces of this descriptiou, I have already stated, 
were taken from the monuds of Ohio, and larger masses occasionally 
have been met in the neighborhood of these works. Que mass weigh- 
ing twenty-three poands, ftom which smaller portions evidently hud 
been detached, was discovered in the Scioto valley, near Chilltcothe, 
Ohio-t Of coarse, it is impossible at present to demonstrate in what 
manner the copper trade was carried on, and we have to rest satisfied 
with the presumption that the raw or worked copper went from hand tb 
hand in exchange for other productions of nature or art, until it reached 
the places where we now find iL Perhaps there were certain persons 
who made it their business to trade in copper. I must not omit to refer 
here to some passages bearing, though indirectly,on the latter question, 
which are contained in the old accounts of Hernando de Soto's expedi- 
tion. Garcilasso de la Vega speaks of wandering Indian merchants 
(marchands), who traded in salt.]: The Knight of Elvas is still more 
explicit on this point. According to him, the Indians of the province 
of Cayas obtained salt by the evaporation of saline water. Tbe method 
is accurately described. They exported salt into other provinces, and 
took in return skins and other commodities. Biedma, who accompanied 
that memorable expedition as accountant, likewise speaks in rarions 
places of salt-making among the Indians-! 



It has been a common experience of discoverers that the primitive 
peoples with whom they came in contact manifested, like children, a re- 
markable predilection for brightly-colored and brilliant objects, which, 
without serving for any definite purpose, were valued merelyon acconnt 
of their external (jualities. Tbe later North American Indians exhibited 

' Tbe SmithsoDiui Institution baa been receiving for feara Indian antiqaities frum 
hU parts of Noitb Amuhca, yet possesBed in 1870 only sevon copper objecte ; namely, 
three Bpearhoads, two aDiall rods, a aeniilDDar knife with convex cnttiug edge, anil .in 
ase of good sbapo. PrufussBor Balrd was kind enongh to send mo pbotograpba and 
deacriptions of these articles. 

t Ancient Monnments, &o., p. SOS. 

t Conquete de la Floride, L«iae, 1731, Vol. II, p. 400. 

i Narratives of tbe Ctawt of Hernando 4e Soto, &o., p. 134. Biedma, pp. 1S2, 1S3, 
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this tenttcncy in a marked degree, and their predecessors, whose history 
is sbroaded la darkness, seem to have been moved by similar impulses. 
Thus the common ore of lead, or galena, was mach prized by the for- 
mer inhabitants of Xorth America, thoogh there is, thus far, no conclo- 
sive evidence of their having nnderstood how to render it serviceable 
by melting. Qnito considerable quantities of this shining mineral 
Have been met in the monnda of Obio. On the hearth of ose of the 
sacrificial mounds of that StAte, Messrs. Sqnier and Davis discovered a 
deposit of galena, in pieces weighing irom two onncea to three pounds, 
the whole quantity amounting perhaps to thirty poonda. The sacrificial 
fire had not been strong enough to convert the ore into pure metal, 
though some of the pieces showed the beginning of fusion.* As 
stated before, there is no definite proof that the aborigines were ac- 
quainted with the process of reducing load from its ore ; for as yet uo 
leaden implements or ornaments have been discovered that can be as- 
scribed with certainty to the former population. The pecnliarly shaped 
object of pure lead figured on page 209 of the "Ancient Monuments," 
which came to light while a well was snnk within the diteh of the earth- 
work at Circleville, Ohio, was perhaps made by whites, or by Indians 
at a period when they already had acquired from the former the know- 
ledge of casting lead. This cnrions relic is in possession of Dr. Davis, 
and I have often examined it. The archseological collection of the 
Smithsonian Institute contains not a single Indian article of lead, bnt 
quantities of galena, which were taken from various mounds. Tet, 
supposing the Indians had known the fnsibility of galena, the lead ex- 
tracted therefrom could not have afforded them great advantages, con- 
sidering that its very natnre hardly admitted of any useful application. 
"Too soft for axes or knives, too fusible for vessels, and too soon tar- 
nished to be valuable for ornament, there was little inducement for its 
manufacture." — (Squier and Davis.) However, in making net-sinkers, it 
would have been preferable to the fiat pebbles notohed on two opiwsite- 
sides, which the natives used as weights for their nets. Pebbles of this 
description abound in the valley of the Susquehanna and in various 
other places of the United States, especially in the neighborhood of 

The frequent occurrence of galena on the altars of the sacrificial 
mounds proves, at any rate, that the ancient inhabitants attributed a 
peculiar value to it, deeming it worthy to be offered as a sacrificial 
gift The pieces of galena found in Ohio were, in all probability, ob- 
tained iu Dliuois or Missouri, from which regions they were transferred 
by way of barter, as we may presume, to the Ohio valley. N^o original 
deposits of gtdena are known in greater proximity that could have 
famished pieces equal to those taken from the mounds of Ohio. 

'Ancient Hounmeiits, pp. 149 and 209. 
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The pecaliar glasB-like stooe of volcaniv origin, called obsidian, Trhicli 
played sncb aa important part in the household of tlie anciuiit Mexi- 
cans, has not been met in aita within that large portion of the United 
States (probably of iNortb America in general) that lies uortli of Mexico 
and to the east of the Bocky Moaotaios. Messrs. Sqnier and Davis, 
nevertheless, have found obsidian in the shape of points for arrows and 
spears and cutting implements, though mostly broken, in five mounds 
of the Scioto valley, in Ohio ; an object made of this inateritil was like- 
wise found in Tennessee," and the numerous unopened mounds of the 
United States may inclose many more articles of this class. The cop- 
per nsed by the Indians, it has been seen, occurs as a product of nature 
withia the area over which it was spread by human agency ; it is difter- 
ent, however, with regard to obsidian, and the question therefore arises, 
from what region tbe builders of the large inclosures and tumuli in 
Ohio obtained the last-named mineral. Obsidian, we know, is found 
in the present territory of the United States on tbe western side of the 
Bocky Mountains. Captain Bonneville noticed, about forty years ago, 
thattbeSboshoneesorSnakelndians in the neighborhood of Snake river 
(or Lewis river) used arrows armed with points of obsidian, which, he 
adds, abounds in that vicinity .t Tlje latter fact is confirmed by Samuel 
Farker, who found, some years later (1835), tu the volcanic formations 
of that region, " many large and fine specimens of pure obsidian or vol- 
canic gla8s."t According to Wyeth, the Shoshonees also employ sharp 
obsidian fakes of convenient shape as knives, which they sometimes 
provide with handles of vood or horn. Tbe same author meutiotis the 
frequent occurrence of obsidiau in the district inhabited by the Shosho- 
nees.§ It is known that various tribes in New Mexico, Arizona, and 
neighboring parts, Apaches, Mojaves, and others, frequently employ 
obsidiau in the manufacture of their arrowbeatls. 

Mr. John E. Bartlett, from 1850 to 1S53 commissiouer of the United 
States for determining the boundary line between the latter and Mexico, 
found pieces of obsidian and fragments of paiuted pottery along the 
Gila river, wherever there had been any Indiau villages; and also 
among the ruins of the Casas grandes, in Chihuahua, as well as tbo.se of 
the Gila and Salinas rivers. || Tbe same observation has been made l>y 
earlier and later travelers. Tbe natives of Upper California employ 
obsidian extensively for making arrowheads. Mr. Caleb Lyon, who 

'Trooat, Aoaient GeDiains inTeDuetaee, in; TmaBOCtious of tlieAiimriutin£tbLolu|ji- 
ObI Society, New York, 1845, Vol. I, p. 361. 

t Irving, Adventures of Caiitain Bouneville, New York, 1S51, p. 255, 

t Parker, Eiploring Tonr bojond tlie Rocky MountaiDs, Itbaca, New York, 1844, 
p.9S. 

i Wyeth, in Schoooraft'e Indian Tribefl, Vol, I, p. 213. 

n Bartlett, Personal Narrative, &o., Sew York, l>iiA, Vol. II, p. 50, Compare: Hum- 
boldt, Eaaai politique snr la Nonvelle-EspAgno, Paria, 1S25, Vol. II, p. 343, andClavi- 
gero, HiBtoiy of Mexico, Piiiladelpbia, 1817, VuL I, p. 151. 
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was, about ten years ago, among the Shasta Indians iD California, saw 
one of the tribe engaged in making arrowheads from obsidian as well 
as from the glass of a broken porter-bottle. He describes the method 
of manafactnre in a letter which was published by the American Eth- 
nological Society.* To this letter I shall refer in a sacceeding section 
of this essay, when treating of the division of labor among the North 
American Indians. Mr. Bartlett visited, while in California, a locality 
in the Napa valley {north of San Francisco), where obsidian occurs 
in pieces irom the size of a pea to that of an ostrich egg, which are 
imbedded in a mass resembling. a coarse mortar of lime, sand, and 
gravel. He found the surface in many places covered, ft'om six to 
twelve inches in depth, with broken pieces and small boulders of this 
volcanic substance. The appearance of these spots reminded him of a 
newly-made macadamized Foad.t 

The most extensive use of obsidian, however, was formerly made in 
Mesico, before the empire of the Aztecs suecnmbed to the Spanish in- 
vaders. Old obsidian mines are still seen on the Cerro de Navajax, or 
*'Hill of Knives," which is situated in a nort;heasterly direction from 
the city of Mexico, at some distance from the Indian town Atotonilco el 
Grande. These mines provided the ancient population of Mesico with 
vast quantities of the much-prized stone, of which they made those fine 
double-edged knives, arrow and spear-heads, mirrors, very skilfully 
executed masks, and ornaments of various kinds. Humboldt speaks of 
the Hill of Knives in a transient manner;^ for a precise description we 
are indebted to the meritorious English ethnologist, E. B. Tylor, who 
visited that interesting locality in 185fi, while traveling through Mexico 
iu company with the late Mr. Christy.^ In describing the mines, Mr. 
Tylor says : " Some of the tracbytic porphyry which forms the substance 
of the hills bad happened to have cooled, under suitable conditions, from 
the molten state into a sort of slag, or volcanic glass, which is the obsid- 
ian in question ; and, in places, this vitreous lava, from one layer hav- 
ing flowed over another which was already cool, was regularly stratified. 
The mines were mere wells, not very deep, with horizontal workings 
into the obsidian where it was very good and in thick layers. Round 
about were heaps of tragments, hundreds of tons of them ; and it was 
clear, from the shape of these, that someof tht^ inannfacturing was done 
OD the spot. There had been great numbers of pits worked, and it was 
from these minillas, little mines, as they are called^ that we first got an 
idea how important an element this obsidian was in the old Aztec civi- 
lization. In excursions made since, we traveled over whole districts in 
the plains where fragments of these arrows and knives were to be found 

* BuUutiu of the American EthDoloKical Society, New York, 1H61, To). 1, p. 39. 

t Personal Narrative, Vol. 11^ p. 49. 

1 Essai politiqne aiir la Nonvelle-Espagne, Vol, III, p. 123. 

f Tj-lor, Anabaao: or Mexico and tbe Mexicans, An cieol and Modem, Loud., 1861. 
This volniue contains, besides many facts relating to ibearcbKologyand etlmologj of 
Mesicu, tbe best observations on obsidian I liave found in imy work on tbM ooimUj. 
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literally at every atep, mixed with morsels of pottery, and here and 
tbere a little ciay idoL"* 

From the centre of tlie State of Ohio to the couotry of the Stao- 
shooees, as well as to the Bio Gila, and the just-described mines in 
Mexico, the straight distances are almost equal, measuring about seven- 
teen hundred English miles; indeed, the Mexican mines are a trifle 
nearer to Ohio than the above-mentioned districts. It vonld be lost 
labor, therefore, to Indulge in speculations from which of these locali- 
ties the obsidian found in Ohio and Tennessee was derived. The num- 
ber of articles of this atone that has been met east of the Mississippi 
is so exceedingly small that its technical significance hardly deserves 
any consideration. Yet, the sole fact of finding worked obsidian at 
such great distances from the nearest places where it occnrs either in 

* AaBhaao, p. 99. The following iDterestlng oommnDicatioa ww oddceased to me b? 
Dr. C. H. Berendt : 

"DuriDg oDeof moDy cxoorsioiiB which 1 made in the yean 1853-'56 around the 
Citlaltepetl, or Fioo de Oriuba (in the State of Vera Cmz}, I saw an obsidian mine on 
tbe weatem elope of that mountain. I had heard of it from my friend the late Mr. C- 
Sartorins ,wbo had viaitad the place yeora ago. I was infonned that the Indians of tbe 
village of Alpatlabua knew the place, bnt that they did not like to have it visited. 
Some a&j they bave tieuurea hidden in tbe caves of the neighborhood; while othets 
believe that they have idola in those lonely placee <Rblch they still secretly worship. 
The cnca of San Juan Cosoomalepeo, who was of this latt«T opinion, gave me tbe name 
of a mestizo fanner in tbe neighborhood who might lie induced to show me (be place. 
Onr party followed from Caeoomat«peo tbe road which leads to tbe ranobo Jacaland the 
pass of La Cnobilla. We did not find tbe meetmo at borne, but bis wife, who directed 
her boy to show as tbe oave. Beaobing the bridge of the Jamapa river, we took a 
by-road parting to the north, which brought oa to the village of AlpatIabua,aDil about 
four miles farther north to a branch of the Jamapa river, which we crossed. We then 
left the road and proceeded abont half a mile up the river through thick woods, when 
we fonud onrselvce suddenly before the entrance of the cave. It was about fifty feet 
high and of considerable width, but obstructed by fallen rocks and shrulw. HeapH of 
olMidlan chips of more than a man's height filled the bottom of tbe grotto, which had 
apparently 110 cousiderable horizontal depth. TothelefttheminBWBssi»n,aneicavatiou 
of from sis to eight square yards, tbe bottom filled Dp with rubbish and chips. Obsidian, 
evidently, had not only been quarried, but also l>een made into implements at this 
spot, the latter fact lieing proved by tbe occurrence of cores, or nuclei, of all sizes, 
from which flakes or knives bad been detached. We were not prepared for digging, 
and it was too late for andertaking explorations that day. >So we left, with the purpose 
to return better prepared at another time, hoping to find some relics of the miners 
and workmen, and, perhaps, other antiquitiM. Bnt it happened that I never had au 
opportunity to visit tbe place again. Mr, Sartorius saw in this cave three entrances 
walled up with stone and mortar, bnt these I did not discover, having, as stated, no 
time for a carefhl examination. Fnture travelers, I hope, will he more suoceesfal. 

"Hr. Sartorious mentioned another place, likewise in tbe State of Vera Crsz, where 
obsidian formerly was quarried. This place is situated in the chain of mountains ex- 
tending from the Pico de Orizaba to the Cofro do Perote. One of the interveniug 
mountains, called Xslistac, is distinguished by a white spot that can be sei^D at the 
distauce of niauy milL-s, even at Vers Cruz. It is produced by an ontcroppingof panilce- 
stone resting on an immense mass of obeidian that has been worked in various places, 
1 know the mountain well, bnt not the toad leading to it,never having traveled in that 
direction." 
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gitu or Id conseqneoce of haman agency (as, perhaps, od tbe Gila), is in 
Iteelf of importaoce, for it ftirnishes aa additional illustration of the fax- 
reaching commonications among the aborigines of North America. 



Like tbe shining galena, mica (eommoulj called isin-glass), was a 
substance held in high estimation by the former inhabitants ; but, while 
the first-named mineral apparently fulSUed no definite porpose, being 
deemed valuable merely for its brilliancy, the latter was often made into 
articles of ornament, a pnrpose for which it certainly was well fitted on 
account of its metallic Inatre. It is also said to have been used for 
mirrors. Mica is found in the tumuli in considerable quantities, some- 
times in bushels, and is often ploughed up iu the neighborhood of old 
eartbworlis. It occurs in sepnlchnU mounds as well as, though more 
rarely, in those of supposed sacrificial character, Iu the former tho 
plates of mica are placed on the chest or above tbe head of the skeleton, 
and sometimes they cover it almost entirely. If I speak here of " plates 
of mica," the expression is to be taken literally, it being known 
that this mineral occurs in some of the eastern parte of North America 
in masses of considerable size, as, for instance, in New Hampshire, 
where pieces of from two to three feet In diameter have been observed. 

The most important arcbEeological finds of mica, as far as I know, 
occurred in Ohio. Of some of them I will give here a brief account. 

Mr. Atwater has left a very accurate description of the earthwork at 
Circleville, Ohio, now mostly obliterated, which consisted of a large cir- 
cular and adjoining quadratic embankment. In the centre of tbe circle 
there arose a sepulchral mound which contained two skeletons and 
various objecte of art, among which was a " mirror" of mica, about three 
feet long, one foot and a half wide, and one inch and a half in thickness. 
Atwater found these so-called mirrors at least iu fifty difi'erent places in 
Ohio, mostly in mounds. " They were common among that people," he 
says, " and answered very well the purpose for which they were in- 
tended. These mirrors were very thick, otherwise tbey would not have 
reflected the light."" It has been doubted, however, whether the objects 
served as mirrors. It is true, every one who has come in contact with 
the modern Indians knows how eager they are, prompted by vanity, to 
obtain from the traders small looking-glasses, which they often carry 
about their persons in order to contemplate their features, or to have 
them on hand when they are about to paint their faces, or to eradicate 
their scanty growth of heard. Tet, after all, I am inclinded to believe 
that Atwater's so-called mirrors were nothing else but those lari^e plates 
of mica, probably of symbolic character (as will be seen), which have 
frequently been met since the publication of his account. 

In tbe year 132S, during tbe digging of a canal near Newark, Ohio, 
one of tbe low mounds frequent in that neighborhood was removed. It 

'AUrului, iu: Arcli»otugiua Aiuerkuuu, AVurcestBi', 1IJ20, Vol. l,pp- 17tJ,d2G. 
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contained fonrteen skeletons in a high state of decomposition, which 
were covered with a regular layer of mica plates. The latter were from 
eight to teD inches in length, four or five inches wide, and A'om half an 
inch to an inch in thickness. The quantity of mica thrown up from this 
moond amounted U> fifteen or tweniy buaheU.* 

Daring their arcbieological investigations, Messrs. Sqnier and Davis 
frequently found mic^in the mounds, and they have given precise ac- 
coQUts of their discoveries. In one of the sacrificial mounds near Chilli- 
cotbe, Ohio, they came upon a layer of round plates of silvery mica, 
measuring from ten to twelve inches in diameter, which overlapped each 
other like the tiles or slates on a roof, and were deposited in the shape 
of a half-moon. Tbe excavation laid hare more than one-half of this 
crescent, which could not have measured less than twenty feet from 
bom to horn. The greatest width (in tbe middle) was five feet. It baa 
been tbongbt that the shape of this curious deposit of mica might be 
snggestive of tbe religious views of tbe bnildeis of the mound, and 
imply a tendency to moon-worsbip-f Another mound not far from tbe 
preceding one — both belonged to a group of twenty-three within an in- 
closure — likewise contained mica-J Tlie circnlar cavity of the altar in 
tills mound was filled with fine ashes intermixed with fragments of clay 
vessels and some small convex copper discs. Over these contents of 
the basin a layer of mica sheets, overlapping each other, was spread 
like a cover, which, again, served as the basis for a heap of bnrued 
human bones, probably belonging to a single person.§ 

The authors of the '"Ancient Monuments" also found occasionally in 
the mounds ornaments made of thin sheets of mica, cutout very neatly 
and with great regularity in tbe shapes of scrolls, oval plates, and discs, 
and pierced with small holes for suspension or attachment. They 
doubtless were intended to embellish the dress of persons of diistinction.[| 
Dr. Davis has some of these ornaments which, fastened on black vel- 
vet, almost might be taken for silver objects, tbe mica of which they 
are made being of the perfectly opaqae kind. Ornamental plates of 
mica, further, were met in the large Grave-Creek Mound, situated 
twelve miles below Wheeling, in Western Virginia. This burial- 
mound, which is one of tbe highest in the United States — it is seventy 
feet high — was opened in 1838, Near one of the skeletona, one hun- 
dred and fifty rather irregularly-shaped thin sheets of mica, from one 
inch and a half to two inches in size, were collected. They were all 
provided with two or more holes for stringing them together, and had 
evidently formed a scarf or some other article of personal adornmeut.5| 

'AncieDtManniiienM, p. TS. 
t Anoient MoDuments, p. 154. 

^Thlsearthnork, called "Monnd City" by Squier and DftTia.iTiU be described in aanb- 
geqaeat BectioD. 
iAncieot MonnineDtH, p, 145. 

U Ancieot Monnments, p. 155 ; representations on p. 240, 
HSchwlcrafl, ia: Tiatuoctioos of the AmeiicaD Etiiuologicol Society, ToL I, p, 399. 
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The preceding quotations, to which others of similar purport might 
be added, will suffice to show bow much mica vaa valued by the 
former iuhabitants of the Mississippi valley; indeed, the frequent and 
peculiar occurrence of this mineral in the mouuds almost might justify 
the coqjectQre that it was believed to be invested with some mysterious 
significance, and played a part in the superstitions rit«8 of the abori- 
gines. Mica has been found in a worked and raw state in districts 
where it is not famished by nature, and thereforcT may be safely classed 
among the aboriginal articles of exchange. In the State of Ohio, to 
which my observations chiefly refer, mica is not found in situ, and it is 
presumed that the mineral discovered in that State was derived &om 
the sonthem spurs of the Alleghany Mountains. Yet, it may have 
been brought from greater distances, and &om various points, to its 
present places of occurrence. 

SLATE. 

Various kinds of ancient Indian stone manafactnres frequently 'con< 
siHt of a greenish slate, which is often marked with darker parallel oi 
concentric stripes or bands, giving the objects made of it a very pretty 
appearance. This slate is not very hard, bat of close grain and therefore 
easily worked and polished. The objects made of this stone, which occur 
on the surface as well as in mounds, are generally executed with great 
care and regularity, and itismuchto be regretted that the destination of 
some of tbem is not quite well known. Among the latter are certain 
straight tubes of cylindrical and other shapes and various lengths, 
whicb sometimes terminate in a kind of " month-piece." While the 
smaller ones, which often measure only a few inches, have been thought 
to represent articles of ornament, or amnlets, a diiffereut purpose bas 
been ascribed to the longer specimens. Schoolcraft appears to consider 
these latter as telescopic instruments which the ancient inhabitants 
nsed for observing the stars. This view, I think, has been generally re- 
jected. It is far more probable that these tubes, in part at least, were 
implements of the sorcerers or medicine-men, who employed tbem in 
their pretended cares of diseases. They applied one end of the tnbe to 
the suffering part of the patient and sucked at the other end, in order 
to draw out, as it were, the morbid matter, which they afterwards 
feigned to eject with many gesticulations and contortions of the body. 
Ooseal calls the tnbes used by the medicine-men of the Florida Indians 
a kind of shepherd's flute (une espice de chalumeau) and the character of 
some of the stone implements in question that have been found cer- 
tainly justifies this comparison.* Kohl saw, as late as 1855, one of the 
above-mentioned cures performed among the Ojibways of Lake Supe- 

* Coreal, Tof agea aox Indes Occldeutales, AmeteTdsm, 1723, y<^. I, p. 39. 
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rior ; in tbis iDstance, however, the tabe used by the mediciiie-man was 
a smooth hollow bone, probably of the brant-goose.* 

A far more numerous class of articles often made of the greenish 
striped slate is represented by small, varioasly-sbaped tablets of great 
regularity and finish, which are pierced in the middle with one, two, or 
more round boles. The most frequent shape of these tablets is illas- 
trated by the upper figure on Plate 28 in Vol. I of Seboolcraft's work on 
the Indian tribes. It is that of a rectangle with sides exhibiting a slight 
outward curve. The full-size drawing of this rather large specimen is 
done in colors, and thus affords the advantage of showing the greenish 
tint and the markings of the stone. Other tablets are lozenge-shaped, 
quadratic with inwardly-curved sides, oval, cruciform, &c.t Most of 
tbem have two perforations, though specimens with only one are not 
scarce, while those that have more than two holes are of less frequent 
occurrence. The holes are drilled either from one Bide or from both, 
and, accordingly, of conical or bi-conical shape. They seldom have 
more than one-eighth of an inch in diameter at tbe narrowest part. 
Concerning the destination of the tablets nothing is definitely known. 
At first sight one might be inclined to consider them as objects of orna- 
ment or as badges of distinction; but this view is not corroborated by 
the appearance of the perforadons, which exhibit no traces of the wear 
produced by continued suspension, being, on the contrary, in most cases 
as perfect as if they had but lately been drilled. Tlie classification of 
the tablets as " gorgets," therefore, may be regarded as erroneous. 
Schoolcraft calls them implements for twine-making. It has been sug- 
gested that they were used in condensing and rounding bow-strings by 
drawing the wet strips of hide, or tbe sinews employed for that pur- 
pose, through the round perforations. The diameter of the latter, it is 
true, corresponds to the thickness of an ordinary Indian bow-string; 
but also iu this case the usually unworn state of the holes rather speaks 
against this supposition. 

Being desirous to learn whether Mr. George Catlin had seen, during 
his first sojourn among the western tribes, anything like those tablets 
used by them in making bow-strings, I availed myself of that gentle- 
man's return t« the United States, and asked him by letter, among other 
matters, for information concerning this subject. He replied {Decem- 
ber 24, 1871) as follows : 

" Of the tablets you speak of, I have seen several, but the holes were 
much larger than those you describe. Those that I have seen were 

•Kohl, KitBobi-Garoi, oder Eiz^lnugen Tom Obem See, BcemeD, 1856, Vol, I, p. 
148. Compare: Venegas, History of Colifornia, London, 1769, Vol. I, p. 97, and Baegert'a 
Account of the Aboriginal Inhabitants of the Califi>TDUn Peninsiila, SiuithHoaian Ee> 
port for 18fi*, p. 386. Drawings of the stone tubes are given on pp. 224-27 of tha 
"Ancient Monaments of the Mississippi VnUey." 

t The variona shapoB of these tablets, and of other perforated objects, not osactly 
tablets, bat probably intended for the same porposb, are represented on pages 336 and 
237 of the "Ancient Monnmenu." 
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nsed by tbe Indians for grooving tbe shafts of their arrowa. All arrows 
of the primitive iDdiaus are fonad with three grooves from the arrow's 
shonlder, at tbe fluke, extending to, and cooducting the air between, 
the feathers, to give them steadiness. These grooves, on close exam- 
ination, are found to be indented by pressure, and not in any way cut 
out ; aod this pressure is produced, while forcing the arrow, softened 
by steam, through a hole in tbe tablet, with the incisor of a bear set 
firmly in a handle and projecting over tbe rim of tbe hole as the arrow. 
shaft is forced downward through the tablet, getting compactness, and 
on the surface and in the groove a smoothness, which no cutting, filing, 
or scraping can produce. It woold be useless to pass the bow-string 
through tbe tablet, for the evenness and the hardness of tbe strings are 
produced much more easily and effectually by rolling them, as they do, 
between two ilat stones while saturated with heated glue." 

Thus, Mr. Catlin's experience is rather unfavorable to the supposition 
that the pierced stone tablets mentioned by me were used in condens- 
ing bow-strings. Tet, after alt, they probably served for some similar 
purpose, which may be clearly defined hereafter by continued examina- • 
tion and comparison. I rogard them as implements, and not as objects 
of ornament or distinction.* 

Tbe greenish slate is frequently the material of another numerous 
class of Indian relics of enigmatical character. I allude to those curioas 
articles bearing a distant resemblance te a bird, which are pierced at 
tbe base with diagonal boles, evidently for suspension, the traces of 
wear being distinctly visible. Tbey probably represent insignia or 
amulets. I have also heard the suggestion that they were used fbr 
removing the hush of Indian corn.f 

Of much rarer occurrence than the articles thus far enumerated in this 
section are perforated implements somewhat resembling an axe with 
two cutting edges, or, more often, a double pick-axe, which, doubtless, 
were provided with handles and worn as budges of distinction by the 
8uperior3.J These objects are for the most part- elegantly sbapeJ, Imt 
of small size, and cannot have been applied te any practical use, their 
material, moreover, consisting generally of sott stone, more pai'ticularly 
of the greenish slate in question. It is evident, therefore, that they ful- 
filled a symbolical purpose, and were employed in the manner just men-' 
tioued. 

■Th« SmitbaotiiBii Beport for 1870, which has appeared aiacu tlie above waa written, 
ooutains, among other ethoological matter, an account of au »X|ilnmtion of monndg in 
KeDtncky, bjr Mr. Sidney 8. L;od. Among the contents of one of tbu mouodB was "» 
black etoDe with boles throngb it." / have wen tbit titid of an instrument, says Hi. 
Lyon, «««I b^ (ftfl PoA- I7Ie*o/ SoHlftMSlern ^n>ada,/OT jirinj Ha^<)rm riia to Ueir ttiic-afrii^*. 
(p.4W.) 

t A gronp of these singnlarobjecta is represented on page 339 of the "Ancient Modu- 

t Schoolcraft gives on Plate 11, YoL I, of his large work, tiro oolored half-size repre- 
}f snch implemeata, which be calls " maceti." 



L.,j,i,.e..,yGoogle 



ANCIENT ABOBIOINAL TB^E IN NOBTH AMERICA. 365 

Having now briefly described the most important classes of relics 
made of the striped slate, I pass over to tbe principal point of ioqaixy, 
namely, tbe extent of their ocoarreuce. I know tiom personal expe- 
rience tbat they are foond from tbe Atlantic coast to ^e Mississippi 
rivor, a distance aboat equaJ to one-tbird of the whole breadth of 
tbe United States. It is possible that they are scattered over a far 
great«r area. In 1818, when Squier and Davis published tbeir work, in 
wbicbaboriginal mana&ctnres were for theflrst time accurately described, 
they could not si»ecify the locality from which the oft-mentioned slate 
was derived. Since that time geological surveys have been made in all 
States of tbe Union, and the places of its occurrence are no longer un- 
known. It appears, I am informed, as the oldest sedimentary forma- 
tion, in quite considerable masses along the Atlantic coast, and has 
been observed from Bhode Island to Canada. This slate is not believed 
to occur in other parts of the Union, and it may be presumed, therefore, 
that it w.i« brought from the Atlantic coast-districts, either in a rough or 
already worked condition, to the more western regions of tbe United 
States. 

PLINT. 

Tbe real flint {Feuerstein in Gennaa) which is found abundantly, in 
rounded pieces or nodules in the cretaceous formations of tbe countries 
bordering on the Baltic, of England, France, &c., and wtiicb has played 
such an important part in the prehistoric ages of Enrope, does not seem 
to occur within t^e United States. For this information I am person- 
ally indebted to Professor James D. Dana. On the other hand, many 
parts of this country are very rich in variona kinds of stones of a sili- 
clous character, which, in consequence of their hardness and concboidal 
fracture, were well fitted to replace the missing variety in the produc- 
tion of chipped implements. The term " flint," therefore, is used here in a 
rather extensive sense, comprising homstone, jasi>er, chalcedony, fer- 
ruginous quartz, sweetwater quartz, milky quartz, semi-opiilic stones, 
&c., and the numerous transitions fh>m one qaartzy variety into another, 
for which the science of mineralogy has no special denominations. Tbe 
common white quartz, also, I may remark in this place, and the trans- 
parent rock-crystal, were used for pointing arrows ; and in di^trict8 
where harder stones were scarce, even slates and greenstones served as 
substitutes for them in the fabrication of arrow and spearheads. 

As in Europe, so also in the United States, places have been discov- 
ered where tbe manufacture of flint implements was carried on. These 
"opeu-air workshops" {ateliera en plein air) are by no means rare in 
S^orth America, and they begin to attract considerable attention since 
the successful arcbfeological researches in Europe have stimulated to 
similar pursuits in this country. As the ^orth American tribes all used 
the bow, and consequently were in constant need of arrowheads, the 
manufacture of the latter took place in many localities, especially in 
Bueb as furnished the stones most proper for that purpose. The S)Oek- 
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kmmoedding at Keyport, Sew Jersey, described by me iu the Smithson- 
ian Report for 18Gj, evidently was ooe of the places where flint imple- 
ments were made by the oatives. I not only saw there among the shell- 
heaps countless chips of flint, but found also a number of unfinished 
arrowheads, which had been thrown aside on account of a wrong crack 
or some other defect in the stone. The necessary material was here far- 
uished on the spot, in the shape of innumerable water-worn pebbles of 
silicions character, which lie intermixed with the shells. Among the nn< 
flnished arrowheads picked up by me at this place there are some which 
exhibit a part of the smooth water-worn surface of the pebble from 
which they were made. 

In the middle part of the Mississippi valley, where I lived many 
years, and had occasion to make varioos observations, the Indians were 
amply provided by nature with the material employed in the fabrication 
of spear and aiTowheads. The prevailing rock of those regions is a 
limestone in which several of the varieties of the qaartz family are 
fbnud, either in layers or in irregular concretions. In the bluff forma- 
tions of the *' American Bottom" in Illinois, for instance, I have traced 
myself layers of horustone, chalcedony, &c., for the distance of miles. 
In the districts under notice, moreover, the surface is covered here and 
there with many silicions pebbles and boulders, which furnished an 
inexhaustible supply of available material. 

An important locality to which the abor^nes resorted, perhaps &om 
great distances, for quarrying flint, is in Ohio, on the line of a calcareo- 
silicions deposit, called " Fliut Kidge," which extends throngh Muskin- 
gum and Licking Counties of that 9tate. "The compact silicions mate- 
rial of which this ridge is made up," says Dr. Hildreth, " seems to have 
attracted the notice of the aborigines, who have manu&ctnred it largely 
into arrow and spearheads, if we may be allowed to judge from the 
numerous circular excavations which have been made in mining the 
rock, and the piles of chipped qaartz lying on the surface. Bow exten- 
sively it has been worked for these purposes, may bo imagined from the 
countless number of the pits, experience having tanght them that the 
rock recently dug from the earth could be split with more freedom 
than that which had lain exposed to the weather. These excavations 
are found the whole length of the outcrop, but more abundantly at 
'Flint Eidge,' where it is most compact and diversified with rich 
colors.™ 

The Indian working-places of which I spoke are not always met in 
the neighborhood of those spots where flint was quarried or otherwise 
abundant, but also sometimes at considerable distances from the latter, 
in which cases they are, of course, of comparatively small extent. 
Their existence, however, proves that the material was transported from 
place to place, and thus assumed the character of a ware. Colonel 

1 the Oeglogioal Sarvey of the 3tM» 
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Charles C. Jones, of Brootlyu, wbo has paid particular attention to tbe 
former history of his native State Georgia, iDformcd me he had ob- 
served quantities of siticions stoite, sntroanded by numerous rejected 
fragmeuts and nnfinisbed spear and arrowheads of the sauio uiuterial, 
in districts of that State where far and near no quartz minerals occur 
in situ. He showed me a number of these incomplete flint objects ob- 
tained from such places. 

For tbe fact that stones for arrowheads formed an object of trafQc 
among the natives, even historical evidence is not wanting. I reter to 
a passage in the relation of Cabe$a de Vaca, the first European who 
has given an account of tbe iuterior of ITorth Ameiica. The passage 
iu question will be quoted iu a subsequent section. 

I am of opinion that flint in a half-worked state, that is, in fiattish 
pieces roughly chipped aroand their circumferotice aud presenting 
irregular heart-shaped, oval, or round outlines, formed an object of ex- 
change, and as such was transported to places far distant from the sites 
which furnished the raw material. Those who quarried the flint fash- 
ioned it in this manner for the sake of saving space and for easier tran- 
sportation. Smaller or greater qnantities of such worked fliut frag- 
ments of homogeneous character are sometimes found in the earth, 
where the natives had buried them, believing that flint splits more 
readily when recently taken from the ground. These deposits, however, 
are not always composed of pieces which required further chipping iu 
order to receive their final shape, but also sometimes of finished imple- 
ments. I have treated of these buried deposits of flint objects iu an 
article published in the Smithsonian Report for 1868, to which I refer 
in order to avoid repetitions." The agncnltural implements of East 
St. Louis, described in that article, are very skilfully executed 
manufactures of the aborigines ; the large flint discs, on the contrary, 
which, as I mentioned, Messrs. Squier aud Davis found in great num- 
ber in a mound of "Clark's Work" in Ohio, and the rude flint objects 
of elongated oval outline from the bank of the Mississippi between 
St. Louis and Carondelet, present, in all probability, only rudi- 
mentary forms of implements, and were destined to be finished at a 
future time. It cannot be doubted that the stone of which the discs 
of Clark's Work are made was derived from the quarries of Flint 
Kidge. This fact has been established by careful comparisons. The 
atone in qneation is designated as horustone. It is a beautiful ma- 
terial, resembling in color and grain certain varieties of the real 
European flint, and is sometimes marked with darker or lighter con- 
centric bands, the centre of which is formed by a small nuclens of 
blue chalcedony. TIjese bands are particularly observable on the sur- 
faces which have undergone a change of color by exposure. The stone, 
in general, possesses qualities by which it can be recognized at once, 
even when met in a wrought state far from its original place of occur- 

* A Deposit of Agricoltuntl FliDt Implemeata in Sonthem lUiuofs, p. 40L 
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rence. According to Mr, Squier, arrowheads made of this homstooe 
huve been found in Keutncky, Indiana, IllinoiB, and lUicbigan, That 
they oc«nr in Iltinois, I can atteat iirom perBonal experience. 

A very remarkable find of objects manufaetored from the homstone 
of Flint Bidge occnrred in the summer of lS6d on the &rm of Oliver H. 
Mullen, near Fayetteville, in St. Clair Connty, of the State of Illinois. 
SoQie children, amnsing themselves near the bam of that farm, happened 
to dig into the gronnd, and came npoo a deposit of fifty-two disc-like 
flint implements, which lay closely heaped together. I obtained a num- 
ber of these implements through my indefatigable co-laborer, Dr. Fat- 
rick, of Belleville, Itiinois. They coincide in shape with those of Clark's 
Work, bnt are somewhat smaller, and not, like the latter, superficially 
prepared objects, bnt highly-finished implements. This fact is shown by 
the careful chipping of the edges, to which sharpness and roundness have 
been imparted by small and carefully measured blows. Unlike the de- 
posit of Bast St. Louis, which consisted of perfectly new implements, 
that of Fayetteville was made np of such as had already done service. 
To this conclusion I am lead by the character of their edges, which ex- 
hibit a slight wear or polish. I regard these implements as aeraping or 
tmoothing tools, to which purposes they were well adapted by their 
Bbai>e ; and I have but little doubt that the less finished discs of Clark's 
Work were to be converted, by further chipping, into implements of the 
same kind. 

In connection with the object, however, which I have in view in this 
essay, the identity of the stone of Flint Bidge with that of which the 
tools found at Fayetteville in Illinois consist, is the point that deserves 
particular consideration. This identity admits of no donbt I was 
convinced of it at first sight when I received the implements from Fay- 
etteville, and so were Messrs. Squier and Davis, to whom I showed my 
specimens. The direct distance iVom the quarries at Flint Bidge to 
Fayetteville is about fonr hundred English miles, and thus far, at least, 
the stone was exported, in a rudimentary or finished shnpe, from its 
original site. So much is certain ; but it is not unlikely that implements 
made of this homstone will be found hereafter at still greater distances 
from the quarries in Ohio. 

BED PIPESTONB. 

The celebrated red pipestone, that highly-valued material employed 
by the Indians of past and present times in the mannfactare of their 
calumets, occurs in aitu on the Coteau desFrairies, an elevation extend- 
ing between the Missouri and the headwaters of the Mississippi. 
This is the classical ground of the snrrouodiBg* tribes, and many le 
gends lend a romantic intorest to that regi9n. It was here that the 
Great Spirit assembled the various Indian nations and instmcted them 
Id the art of making pipes of peace, as related by Longfellow in his 
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charming "Song of Hiawatha," Even hostile tribes met here in x>eace, 
for this district was, by comtnoD coDseut, regarded as iieutral ground, 
where strife and feuds were suspended, that all might resort anmolested 
to the quarry aud supply themselves with the much-prized red stone. 
This material, though compact, is not hard, and therefore easily worked, 
and, moreover, capable of a high polish. It consists chiefly of silica 
and ainmina, with an admixture of iron, which produces the red color. 
American, and probably also European, mineralogists call this stouo 
Oatlinite, in honor of the zealous ethuologist and painter, Catlin, who 
was the first to give an accurate account of its place of occurrence, and 
to relate the traditions connected with the red pipestone quarry." This 
locality is the only one in Kortb America where this peculiar stone is 
found, and it is doubtful, indeed, whether in any other place on both 
hemispheres a mineral substance is met which corresponds in every re- 
spect to the one in question. 

The enterprising Jesuit missionary, Marquette, whose name is for- 
ever linked with the exploration of the Mississippi, smoked already in 
the year 1673 the pipe of peace with the Illinois Indians, and gives the 
following exact description of that important utensil, the bowl of which, 
it will be seen, consisted of the red stone of Got«an des Prairies. "It 
is made of a polished red stone, like marble, so pierced that one end 
serves to hold the tobacco, while the other is fasteue<I on the stem, 
which is a stick two feet long, as thick as a common cane, and pierced 
in the middle; it is ornamented with the head and neck of different 
birds of beautiful plumage ; they also add large feathers of red, green 
and other colors, with which it is all covered."^ His ecclesiastical suc- 
cessors also frequently mention the red pipes in their writings, hut none 
of them, as far as I know, alludes to the locality where the stone was ob- 
tained. The tlrst notice referable to that place, I found in the *' History of 
Louisiana" by DuPrata, and even his statement is totally erroneous as far 
as the situationof the quarry isconcenied. "Outbe bank of the Missouri," 
he says, " there is to be seen a pretty high cliff {4core), which rises so 
abrnptly from the water that the nimblest rat could not climb it. From 
the middle part of this cliff projects a mass of red stone, which is 
marked with white spots like porphyry, from which it differs, however, 
by inferior hardness, being almost as soft as tufa. It is covered by an- 
other kind of stone of no value, and rests upon the same sort of earth 
that forms the other hills. The inhabitants of tho coantry, knowing 
the appliciibility of that stone, are in the habit of detaching pieces of 
it by arrow-shots, which pieces, falling into the water, are recovered by 
diving. From fragments of sufficient size they make calumets, using 
their knives and awls in manafacturing them. This stone can be 

*CatllD, North American lodifuia, Loadon, 184S, Vol II, Letters 54 anil 55. 
t Bbea, Itiscovory and EiploratioD of the MiBsisaippi Valley, New York, 1852, p. 3b. 
24 8 



itizecy Google 



370 ANCIENT iBOHIGINAL TRADE IH NORTH AMERICA. 

■workedwithontdiflScnltyandredststheflre very well."* Leaviiigasidethe 
incorrect description of the locality and of the character of occnrrence, 
the Btone here mentiooed corresponds exactly to that of Cot«aa des Prai- 
ries, the latter heing, indeed, very often marked with lighter (though 
not white) spots, which give it a perfectly porphyritic appearance. 
I have seen many raw pieces of the red pipestone and have some my- 
self, iu which this pecaliarity is prominently exhibited. The nnworked 
atone is usaaDy of a dnll pale red, the heightened color appearing only 
after the process of polishing. 

Carver, who explored the region of the Upper Mississippi in 1766-'68, 
mentions the red stone, batdoes not seem to have visited its place of oc- 
cnrrence, which he marks on his map as the "Goantry of Peace." He 
also states distinctly in his work that even iudividnals belonging to hos- 
tile tribes met in peace at the " Hed Mountain,'* where they obtained the 
stone for their pipes.t This shows that, at his time, the neutrality of the 
district was still respected. This laadable regulation, it also appears, 
had not yet become obsolete in the beginning of the present century, 
for on the map accompanying the work in which Lewis and Clarke 
describe the territories explored by them in 1804^'6, the locality in ques- 
tion is thus designated : " Here the different Tribes meet in Friendship 
and collect Stone for Pipes." Yet, about forty years ago, when Catlin 
visited the Coteaa des Prairies, the warlike Sionx or Dakotahs had 
nsnrped the exclusive anthority over the quarry, not permitting their 
enemies to provide themselves with stone. Catlin and his English 
traveling companion encountered at first difflcalties on their way to the 
quarry, a band of those Indians trying to prevent them from going 
there, "As this red stone," the warriors said, "was a part of their 
flesh, it would be sacrilegions for white men to touch or t^e it away ; a 
hole would be made in their flesh and the blood could never be made to 
stop running."t When, subsequently, after Catlin's return from the 
quarry, an old chief of the Sacs saw some pieces of the red stone in the 
traveler's possession, he observed : " My friend, when I was young I 
used to go with oar young men to the Mountain of the fied Pipe and dig 
out pieces for our pipes. We do not go now, and our red pipes, as you 
see, are bat few. The Dakotahs have spilled the blood of the red men on 
diat place and the Great Spirit is offended."^ 

Mr. Catlin Is of opinion that the Indian quarrying operations at 
Coteau des Prairies reach back into far remote times, haaiug his view 

' Du Pratz, Hiatoire da la LonUiane, Paris, 1756, Vol. I, p. 3X. Tb*t passage iu 
qneetioQ is not qnit« clear. It Kmalaedonbtfiil whether DuPratz, iDBpeakiagof the 
atone resembling porphyry, relatoa what he baa heard himself orollndes to the joor* 
,nal of M. du Bonrgmont, to which he refers oq the preceding page. The iMt-Dom'Nl 
cavalier aodertook, in 17S4, an ezpeditioD to the conntry of the Padoucas, or Co- 
maoches. The errooeoas acconnt may be due to the natives, whopnipoeely miq^looed 
the locality of the qnarry. 

t Carver, Travels, p. 79. 

I Catlin, Vol. II, p. 166. 

ilbid., Vol. Il,p.l71, 
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chiefiy on the traditiona of the IndiaiiB, which certaioly iodicate a com- 
paratively long acqoaintance with the locality. It appears, however, 
hardly admissible to ascribe a very high antiqnity to the quarry, consider- 
ing that thns far no pipes or objects of omameut made of the red stone 
have been discovered in the oldest tamali of the Mississippi valley, and 
the resalt« of a recent examination of the Cotean des Prairies by Dr. 
F. V. Hayden likewise tend to detract mnch from the supposed antiqnity 
of this aboriginal place of resort. According to Dr. Hayden, the layer of 
Oatlinite, hardly a foot in thickness, rests upon a gray quartzite, and 
there are about five feet of the same gray quartzite above it, which the 
Indians had to remove with great labor before the pipestone could be 
secored. A ditch from four to five feet wide and about five hundred 
yards in length indicates the extent of work done by the Indians. Only 
about one-fourth of the pipestone layer, thin as it is, can be used for the 
mannfactare of pipes and other objects, the remainder being too impure, 
slaty, or fragile. Dr. Hayden describes the place as unpicturesque and 
deficient in trees. He fonnd no stone implements in the vicinity, nor 
did be learn that any had ever been tbnnd ; rasty iron tools, on the 
other hand, are frequently discovered. According to his view, the qaarry 
belongs to a comparatively recent period.f 

Nevertheless the fact seems to be well established that the surround- 
ing tribes resorted for many succeeding generations to this locality, and 
that it formed a nentral gronnd, which they approached with a kind of 
saperstitious awe. The Indians looked upon the red stone as a particn- 
larly valuable gift of the Great Spirit, and Cntlin relates from personal 
observation that they hnmbly sacrificed tobacco before five huge boul- 
ders of granite near the quarry, in order to acquire the privilege, as it 
were, to take away a few pieces of the stone-t At present the settle- 
ments of the whites are advancing toward that interesting spot, which 
lies now, indeed, within the State of Minnesota, close to its western 
border, and in a county to which the name "Pipestone' has been given. 
A communication from Dr. Hayden informs me that the place is still 
visited by Dakotah Indians, but not very frequently, and without the 
observance of those ceremonies which formerly appeared indispensable. 
Kot much longer, however, will the red man be seen to make his pil- 
grimage to the quarry of Cotean des Prairies- 
Mr. CatUn has published very good drawings of the red pipes, which 
are, moreover, familiar to every one who has paid some attention to 
Indian matters. Some of them bear testimony to the skill and patience 
of their makers, who, in most cases, prot>ably possess no other imple- 
ments than the knives and files obtained from the traders. The cylin- 
drical or conical cavities in the bowl and neck of these pipes are drilled 
with a bard stick and sharp sand and water.| 

* HAfden, iD Amerioaa Jonnwl of Soieooe uid Arts, Vol. XLIII, Jumary, 1S67. 

tCat]in,Tol. U,p.l6a. 

tCktUn,VoLl,p.334. 
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Not loDg ago a small Catliuite pipe of unnsnal shape was sent to me, 
which had been ploughed ap in a maize-fleld near Centreville, in Soatbeni 
Illinois (St. Clair Connty). Such older specimens are even met in 
the New England States, near the Atlantic coast The collection of the 
Smithsonian Institute contains some pipes and ornaments made of Cat- 
liuite, which were taken from Indian graves in the State of New York, 
or obtained from the Iroquois still inhabiting the same State. The raw 
or worked red pipestone, therefore, constituted an article of barter, 
which was brought from Jt8 original place of occurrence to the present 
Eastern States of tbe Union. A passage in Loskiel^ who chiefly treats 
of the Delawares and Iroquois, refers to this trade. In describing the 
pipes of those Indiaus, be says: " Some are manufactured firom a kind 
of red stone, wbicb is sometimes brought for sale by Indians who live 
near tbe Marble river, on tbe western side of the Mississippi, where they 
extract it (sic) from a mountain."* This passage, it will be noticed, im- 
plies a direct trade-connection of great extent, the distance between tbe 
red pii>estone qnarry and the Northern Atlantic States being equal to 
twelve or thirteen hundred English miles. 



A substance pleasing to the eye, and easily worked, snch aa is offered 
by nature in tbe shells of marine and fresh-water mollusks, conld not 
fail to attract tbe attention of men in the earliest times. Tbe love of 
personal adornment, moreover, already manifests itself in the lowest 
stages of human development,! and shells being, above other natnral 
productions, particularly fitted to be made into ornanients, it is not sur- 
prising that they were employed for that purpose in all parts of tbe 
world. The North American tribes made an extensive use of the shells 
of the sea-coast as well as of those of their rivers, and fossil marine 
shells were also employed as ornaments. The valves of recent marine 
mollusks, indeed, must have been widely circulated by barter, consider- 
ing that they are found, in the shape of ornaments, and sometimes "of 
utensils, in tbe interior of North America, at great distances from tbe 
shores of tbe sea. Tbe oldest reference to tbe shell-trade among the 
anorigines is contained in the remarkable account of the Spaniard 
Alvar Nunez Cabe^a de "Vaca, who accompanieil in tbe year 1527, as 
treasurer and algnazil mayor, tbe unfortunate Pampfailo de Narvaez on 

* Loskiel, Miasion dor evangelischen BrliUei nattsT dvD ludianern in Nordaiuariko, 
Barby, 1789, p. 66. 

t It ia probable that tbe barbaioiiB mannf&cturon of the nide flint tools found, mbo- 
u<at«d with tbe bones of extinct animala, in the diluvial deposits of Northern France, 
used small roaod pi!trofact« of the chnlk (Coacinopora globHiarU, IfOrb.) as beads, by 
stringing them together, these petrified bodies being provided by natnro with bolua 
passing throagb their middle (Lf ell. Antiquity of Man, p. 119). Peraonal vanity ia • 
prominent featnre in (he character of tbe North American Indians. Among tbe mia- 
crahle Koot-Diggers an old woman has been seen, who "bad abeolntely nothing on 
bur person bnt a thread wood her neck, from which was pendent a solitafy b«ad." 
(Irving Adveatniea of Captain Bonneville, p. 361.) 
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bis expedition for the conquest of Florida Tbe leader and nearly all 
his followers baring perished, Cabeja de Taca, one of tbe sarvivors, 
wandered with his companioDS for-many years through North America, 
until be finally succeeded io reaching the settlements of his country- 
mea near Culiacan, in the present Mexican proviuce of Sinaloa, after 
having traversed the whole continent from the Floridian peninsula to tbe 
Pacific coast The description of bis adveotares and sufferings forms 
one of tbe most remarkable early works on Korth America, being, in- 
deed, tbe first that treats of tbe interior of tbe country and of its na- 
tive popnlatioD. For tbe latter reason it is of particular value to tbe 
ethnologist, presenting, as it does, the Indians as they were seen by the 
first white visitors.* While he sojourned among tbe Charruco Indians, 
a tribe inhabiting the coast, he carried on the business of a trader, 
which, as he observes, salted bim very well, because it protected him at 
least from starvation. The excursions undertaken in the pursuit of bis 
trade sometimes extended as far as foriy or fifty leagues from tbecoast into 
the interior of the district. His waresconsisted of pieces and "hearts" 
of sea-shells {pedals de caracoles de la mar y corafones de elios), of 
shells employed by tbe Indians as cutting implements, and of a smaller 
kind that was used as money. These objects of trade be transported 
to parts distant from tbe sea, exchanging them there for other articles 
of which the coast-people were in want, such as hides, a red eartb 
for painting their faces, stones for arrowheads, bard reeds for shafting 
tbe latter, and, finally, tufts of deer's hair dyed of a scarlet color, wbicb 
were worn as head-dresses.t This passage, indeed, is of particular in- 
terest in connection with the subject treated in this essay, because it 
affords not, only some insight into tbe system of Indian trade, but like- 
wise informs us that among the objects of exchange those were con- 
spicuous which served for the gratification of personal vanity. By the 
" hearts" of sea-shells Cabega de Vaca understands the spines or cotu- 
melUe of large coucbs, which parts were worked by the aborigines into a 
kind of ornament, of which more will be said hereafter. 

Large quantities of sbell-oruaments, mostly destined to be strung 
together or to be worn as pendants, have been found in tbe sepulchral 
mouAds and other burial-places of the Indian race. In Ohio, accord- 
ing to Messrs. Sqnier aud Davis, beads teade of shell aud other mate- 

* Tbe importance of Cubega de Yaca'a work, it seems to me, has been UDdervaluMl, 
perhaps od occouDt of the marvelous cures which he pretends to have performeil 
smonft the Datives. Imbued with the superstitious of his time, he probabi; believed 
in his onru powen of beating the aiok in a supernatural way. When these incrediLile 
details are taken away, there remains mnch in the book that deserves tbe highest ap- 
preciation. According to Arthur Helps, a most careful investigator, his occouut 
''bears every mark of truthfulness." See: Helps, Tbe Spanish Conquest in America, 
Haiper's edition, Vol. IV, p. 397. 

t Relation et Naufiages d'Alvar NoOes Oabe$a de Vaca, (Ternaux-Compans Col- 
lection), Paris, 1437, p. 1^1, &o. The Spanish original appeared in the year 1&&5 at 
Valladolid. 
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rials ocfiar even more frequently in the sacrificial monnds than in those 
of a sepulchral character, a circnmstauce that may be accounted for by 
the valne attached to these objects hy their owners, who deemed them 
worthy of being offered in their sacrificial rites. The methods employed 
by the maunfacturers doubtless being of the most primitive character, 
each shell-bead was the result of a certain amount of patient labor, and 
consequently was esteemed according to the time and art bestowed on 
its production. 

The Indian sbeU-ornament in its simplest form consisted of entire 
specitDCUB of small marine univalves, such as species of Margiii^Ha, 
Natica, and Oliva, which, after being conveniently pierced, could be 
strung together at once without further preparation, and worn as neck- 
laces, armlets, &c. The above-mentioned kinds were met by Squier and 
Davis in the mounds of Ohio, and in opening the Grave Creek Mound 
five hundred specimens of Marginella were obtained near one of the 
skeletons. Some time ago, I received pierced specimens of Margiuella, 
recovered in removing a mound at East St. Louis, in Southern Illi- 
nois, which, I believe, contained a great number of them. Small sea- 
shells appear to be particularly abundant in the Indian graves of the 
Gnlf States. More than a hundred years ago, it was noticed by Carver 
that sea-shells were much worn by the Indians of the interior parts- 
be cbiedy refers to the Dakotahs on the Upper Mississippi — and reck- 
oned very ornamental. He could not learn bow they procured them, 
but thought they were obtained by traflBc with other nations nearer the 
sea.* Small /o8«I marine shells were sometimes used for the same par- 
pose. In an article published in the Smithsonian Report for 1868, 1 
have stated that a large number of such fossil shells were found, asso- 
ciated with agricultural flint implements, nnder the surface at East 
St. Louis, the place ^ready mentioned.t They belonged almost ex- 
clusively to the genus Conovulus {Melampua), and many of them were 
prepared for stringing by a lateral perforation, as shown in the drawtug 
(on p. 404) representing one of those shells. My kuowledge, however, 
that the Indians used small fossil sea-shells as ornaments is not confined 
to the case in question, and I presume that many of the small marine 
sheila taken from the monnds, which are considered as belonging to 
recent species, are, in reality, bf fossil origin. Other fossil remains in 
a worked state, it may be mentioned in this connection, were obtained 
from the mounds of Ohio, as, for instance, shark's teeth, and others ol 
considerable size, perhaps belonging to a cetaceous animal. The for- 
mer are notched on both sides, or pierced at the lower. end, and may 
have served, respectively, as amulets, arrowheads, or cutting imple- 
ments. 

Yet, the number of entire sea-shells employed as beads by the natives 

• Carver, Travela, p. 151. 

t Their foasil cbaracter was Brat x>oiiited out to me by a competent oonohologiet. Hi. 
Thomas Blaod, of Brooklyn. 
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ai)peara insigniflcant wheu cotnpared vith the enormous quantity of 
objects of the same class, whicb tbey manufactured from fragmeuts 
of the valves of marine and fiuviatile ahetls. These wrought beads ex- 
hibit various forms and sizes, but, according to my experience, are 
mostly found in the shape of more or less regular sections of cylinders, 
pierced through the centre. They are often proportionately thick, but 
sometimes rather thin, resembliug the small bone buttons of commerce. 
I have shell-beads from different parts of the United States. Most of 
them are small, not exceeding six or seveu millimetres in diameter ; my 
largest specimens, however, have a diameter of no less than twenty- 
eight millimetres. These latter, which were found, some time ago, with 
skeletons in the now leveled " Big Mound" at St. Louis, are very Qitt 
in proportion to their diameter, and may be called discs rather than 
beads. Tbey are evidently made from the valves of species of Unio o£ 
the Mississippi valley. These and other shells, which abound in many 
rivers of the United States, frequently may have furnished the material 
for ornaments, especially in districts remote from the sea-coast. The 
holes of Indian shell-beads generally are drilled from both sides, and 
therefore mostly of a bi-conieal shape.* The colored glass beads and 
enameled beads often fouud in Indian graves are, of oourse, of Euro- 
pean origin, the art of making them being unknown to the aborigines, 
and their occurrence iu Indian burial-places, therefore, indicates) that 
the interment took place at a period when an intercourse with the 
whites already had been established. Of the so-called wampum-beads 
I shall speak at the close of this section. 

The largest and therefore the most esteemed beads and pendants, 
however, were made by the Indians from the columellse, or, as Cabefa 
de Yaca expresses it, fi'om the "hearts," of large couchs, among which 
the Slrombus gigas seems to have been most frequently used. These 
beads are more or less cylindrical, or globular, and always drilled length- 
wise. Some are tapering at both ends, resembling a cigar in shape. T 
have seen specimens of two and one-half inches in length. The aborigines 
also made from the colum^tse of large marine univalves peculiar pin- 
shaped articles, consisting of a more or less massive stem, which termi- 
nates in a round knob. Professor Wyman mentions, in the Third Annual 
Report on the Feabody Museum (1870), a specimen of this kind found 
in Tennessee, which is five inches long, with a head an inch in diame- 
ter. In the collection of Colonel Charles C. Jones, of Brooklyn, there 
are quite similar specimens of this chiss. Their destination is yet nnex- 

' Fliit fiholl-beads ore among the oldiiat ADtiqaitit^a of Europe. Lartet fixind them in 
the grotto of Aurigaac, which served as a biirioi-pluce at a period, nbeo the cuve-bear, 
cavu-lij-eiia, mamiiiotb, rhiDocurns, &c., still exiHted. SoDie small flat bi'ailHiii my pos- 
session, made of Cardiam, which were obtained from a dolmen in Soutbeni France.cao- 
not be distiugnished from Himilar prodactioDs of tbe North Aoieiican Indians. Entire 
sea-abelle (iQostly Litorina lilorra), pierced for stringing, occurred in the cave of Cro- 
Hagnon, id the valley of the V^z^re. Pierced valves of fossil sea^helle were fonnd at 
other atatioDS of tbe reindeer-period in the same valley, &o. 
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pluiDed : they were perhaps attached to the head-dress, or worn as oma- 
meots in some other way. The uawrought colomellse of large sea-Bhells 
have beeu foand at considerable distances iVom the coast, as, for in- 
stance, in Ohio and Tennessee. 

I have seen some very old Indian shell-omaraents, which were worn 
suspended from the neck, like medals or gorgets. They are round or 
oval plates, from two to four inches in diameter, on which variods de- 
signs, sometimes quite tast«fnl, are engraved or cut through. In some 
instances their ornamentation consists la regularly disposed perfora- 
tions.* 

Very large sea-shells of the univalve kind, either in their natural 
state or more or less changed by art, frequently have been found in In- 
dian burial-places and in localities generally, where the traces of Indian 
occupancy are met. Species of the Pyrula and CasHa occur most fre- 
quently. By the removal of the inner whorls and spines, and other 
modifications, these shells are sometimes prepared to serve as drinking- 
vessels and dishes. Professor Wyman speaks in the before-mentioned 
report of such vessels obtained from Tennessee and Florida, which 
are made from shells of the Pyrvla perversa, Lam. One of the vessels 
measures a foot in length, though the pointed end is wanting. Dr. 
Troost (rives the description and representation of a large, entirely hol- 
lowed Cassia fiammea, Lam., found in Tennessee, which served as the 
receptacle of a kneeling human figure of clay, to which he attributes 
the character of an idol.t I saw in the collection of Colonel Jones, of 
Brooklyn, a Cassis, likewise hollowed, which is eight inches and a half 
long, and has a diameter of seven inches, where its periphery is widest. 
This specimen is one of two which were found near Clarksville, Uaber- 
sham County, Georgia, in one of those Indian stone-graves, which are 
met, sometimes many of them together, in various parts of the United 



In the State of Ohio, where the former inhabitants have left the most 
conspicuous traces of their occupancy in the shape of numerous earth- 

•"Tbuy oflKUtiriiea make, of thifl sUell, a sort of gorge, which tbey near about their 
neck Id a striug ; so it bangs oq their collar, wbereou sumntimeH \e engraven u crow, 
or soniH Dtlcl Hort of flgnre, which comes uext iu their fancy. The gorgui irill some- 
times sell fur three or fonr bockskins ready dressed." Lawsou, History of Caroliua, 
Loudon. 1714 ; reprint, Raleigh, IHtiO, p. 315. For drawiags see Schoolcraft, Vol.1, 
plpto 19, figure 3, and pUte 'iii, figures 29 aod 30 ; alto, Morgan, League of the Iroquois, 
p. ;ft(9. 

t Traua-ictions of the AmericAn Etbootogical Society, Vol. I, p. Ml. 

t The stone-gruTo iu question contained a skeleton, much decayed, aod, besides the 
two CostiD-shdlH, Btoue axes and chisels, some perforated objects of stone. Ac. The 
moat important piece, however, was a copper axe, which desvrvea particular mention. 
This a:te is very toug, but narrow and thin, and shows on both sides very distinctly 
the friction produced by having beou inserted into tbe split end of a wooden handle. 
The object« found ia this grave are all iu the posseesioD of Colonel Jones, who intendi 
to publish an illustrated deaoriptioa of this find in his fortbconiiog work on the on- - 
tlqaitleH of Oeorgitk 
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vorks of various descriptions, and sometimes of stupendon» extent, these 
targe shells of marine molluslis are of frequent occurrence. Atwater 
already mentions them in the first volume of the ArcbEeologia Ameri- 
cana, pubhshed in 1820, What Squier and Davis observed in regard 
to sea-shells generally daring their investigations in Ohio, I will reca- 
pitulate here in a few words. They found in the mounds the smaller 
shells already specified, namely, Marginella, Oliva, and Natica, as well 
as entire specimens or fragments of Cassis and Pyrula perversa, and also 
the unwrought columella of a large speuies of concb, probably Strombus 
gigas. Entire specimens of the Pyrula perversa, they state, frequently 
have beeu discovered outside of the mounds, in excavating at di&erent 
points in the Scioto valley. They found in one of the mounds a large 
Cassis, from which (he iuner whorls and columella bad been removed, 
to adapt it for use as a vessel. This specimen, eleven inches and a half 
in length by twenty-four Id circumference at the largest part, is now in 
the Black more Museum.* 

The above-mentioned marine shells, all pertaining to tropical or serai- 
tropical regions, occur in the United States only on the eastern shore of 
the peninsula of Florida (perhaps a little higher northward) and on the 
coast of the Gulf of Mexico. From these localities, therefore, they must 
have found their way into the interior. Adopting, for example. Cape 
St. Bias, in the Mexican Gulf, and the centre of Ohio as the limits of 
shell-trade from south to north (an estimate probably much below 
reality), we find an intervening distance of nearly eight hundred Sng- 
lisb miles. 

Haviog repeatedly alluded to large sea-Bbells prepared by the abo- 
rigines to serve as vessels, I will also mention that the Florida Indians, 
when first seen by Europeans, used snch shells as drinking-cnps. This 
we learn i^om the plates and descriptions contaiued in the " Brevis Kar- 
ratio," of Jacques le Moyne de Morgues, in the second volume of D'eBry's 
» Peregrinationes " (Francoforti ad Moe&um, 1591). Plate 19 represents 
Indian widows who have cnt off their hair in token of mourning, and 
scatter it over the graves of tbeir husbands. On the graves are de- 
posited bows and arrows, spears, and the large shells " out of which 
they drank."t The same shells may be seen on Plate 29, where warriors 
use them as drinking-cups. Plate 40, fiually, illnstrates the ceremonies 
which were performed at the death of a chieftain. The tumulus is 
already heaped np, and around its base arrows are stuck perpendicQ- 
larly in the ground. The. drinking- vessel of the deceased, a large shell, 
is placed on the top of the moaod-J Though the shells are figured quit« 
large in these plates, it is impossible to perceive to what species they 

'Ancient Monnmonta, p. 283. 

t Tbe accontpanying text runs tbna : "Ad maritontm lepulera permnimta, oapillo* tiib 
aaribiu praKcaiit, iUieque per (epulcra sparnn, narilonm ama ^ ooncAiu ex ^vitw hib*- 
banl ibidrnt adjidtitii, in ilrennorum virontm iKemoriam." 

t In the text : " D^ancto aXiqao Rage fjta Provinda, nagna *oUtinxlate teptlHitT, ^ i^t» 
(HBtubi crater, e quo bibare tol^iat, inponjltir, d^/ixii drea ip«iim lunulHni mulfis njfifti*." 
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belong. Le Moyne drew his scenes of Indian life many years after his 
retoru from America, while living in England, and as he executed these 
delineations from memory, they are doabtless deficient in that minate- 
ness of detail which entitles to safe comparisons and dedactions. 

Among some tribes of the interior marine shells seem to have been 
looked upon with a kind of religious reverence, and indications are not 
wanting that they played a part in their religions ceremonies. The pe- 
ctiliar sound produced by a sea-shell when approached to the ear necessa- 
rily appeared strange and mysterious to them, and the rareact<s of the 
shells, together with their elegant forms and beantifal colors, donhtless 
increased their value in the eyes of the natives. According to Long, the 
Omahas possessed, about half a century ago, a large shell (already trans- 
mitted from generation to generation) to which they paid ao almost relig- 
ions veneration. "A skin lodge or temple," says Long, " is appropriated 
for its preservation, in which a person constantly resides, charged with 
the care of it, and appointed its gnard. It is placed upon a stand aud 
is never suffered to touch the earth. It is concealed from the sight by 
several envelops, which are composed of strands of the proper skius, 
plaited and joined together iu the form of a mat. The vrbole constitutes 
a parcel of considerable size, from which various articles are suspended, 
such as tobacco and roots of certain plants, ^o person dares to open 
all the coverings of this sacred deposit in order to expose the shell to 
view. Tradition informs them that curiosity induced three different 
l^rsons to examine the mysterious shell, who were immediately pun- 
ished for tbeir profanation by instant and total loss of sight. The last 
of these offenders, whose name is Isb-ka-tappe, is still living. It was 
ten years since that he attempted so unveil the sacred shell, bat, like 
bis predecessors, he was visited with blindness, which still continues, 
and is attribnted by the Indians, as well aa by himself, to his commit- 
ting of the forbidden act. This shell is taken with the baud to all the 
national hunts, and is then transported on the back of a man. Pre- 
viously to undertaking a national expedition against an enemy, the 
sacred shell is consulted as an oracle. For this purpose the magi of the 
band seat themselves around the great medicine lodge, the lower part 
of which is then thrown up like curtains aud the exterior envelop is 
carefully removed ttom the mysterious parcel, that the shell may receive 
air. A portion of the tobacco, consecrated by being long suspended to 
the skin-mats or coverings of the shell, is now taken and distributed to 
the magi, who fill their pipes with it to smoke to the great medicine. 
During this ceremony an individual occasionally inclines his head for- 
ward and listens attontively to catch some sonnd which he ex|>ect8 to 
issue from the shell. At length, some one imagines that he hears a 
sonnd like that of a forced expiration of air from the lungs, or like the 
noise made by the report of a gun at a great distance. This is consid- 
ered as a favorable omen, and the nation prepare for the projected ex- 
pedition with a confidence of success. But, on the contrary, should no 
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sonnd be perceived, the issae of the expeditioB woald be considered 
doabtfal/'* This shell, it cannot be doabted, was of marine origin, 
though the t^t is not stated in the text. The nearest setwwast from 
Thich it coold have been obtained is that of the Mexican Gnlf, distant 
abont nine hundred miles from the district inhabited by the Omahas. 

The white traders osed to derive great profit by selling fine sea-sheils 
to the tribes of tbe interior. Kohl, for instance, learned from Ganadiao 
fur-traders that the Ojibtrays, on Lake Superior, formerly purchased 
sea-shells from them at considerable prices. *' When they {the traders) 
exhibited a fine large shell, and held it to tbe ears of the Indians, these 
latter nere astonished, saying they heard the roaring of the ocean in it-, 
and paid for Bach a marvelous shell fnrs to tbe valae of thirty or forty 
dollars, and even more."f 

Having undertaken to compose this essay for the purpose of bringing 
together a series of facta relating to tbe trade among the aborigines of 
North America, I would be gnilty of an omission, if I neglected to men- 
tion the wampam-beads, which, besides other uses, represented the 
money among them. Tbe term " wampum" is often applied to shell-beads 
in general, but should be conflued, I think, to a certain class of cylindri- 
-eat beads, usually one-foarth of an inch long and drilled lengthwise, 
which were chiefly manufactured from the shells of the common hard- 
sbell clam ( Venus mercenaria, Lin). This bivalve occurring, as every 
one knows, in great abundance on tbe North American coasts, formed 
an important article of food of the Indians living near tbe sea, a fact 
demonstrated by the enormous quantity of castaway clam-shells, which 
form a considerable part of North American Kjoekkenmoeddiaga. The 
natives used to string tbe mollnska and to dry them for consumption 
daring winter. The blue or violet portions of the clam-shells furnished 
the material for the dark wampnm, which was held in much higher es- 
timation than that made of the white part of tbe sheila, or of the spines 
of certain uuivales. Even at the present time places are pointed oat on 
the Atlantic sea-board, for example on that of Long Island, where tbe 
Indians manufactured wampam, and such localities may be recognized 
by the accumalations of clam-shells from which tbe blae portions are 
broken off. 

Wampum-beads formed a favorite material for the mannfactnre of 
necklaces, bracelets, and other articles of ornament, and tbey constituted 
tbe strings and belts of wampum, which played sach a conspicuous part 
in Indian history, 

lioskiel makes the following statement in reference to wampam : " Be- 
fore North America was discovered by the Europeans, tbe Indians 
mostly made their strings and belts of small pieces of wood, cut to an 
equal aize and dyed white and black. Tbey made some of shells, which 

* Long, Expedition from Pittsburgh to the Bockjr MoantoinB, perfonned In tbe years 
1819 and 1820, Umdoa, 1823, Vol. II, p. J7, Ac 
IKohl, Kitschi-Oomi, Vol. I,p. lee. 
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they highly esteemed, but tbey manufactured them very rarely, becaose 
this labor required much time for waut of the proper tools j and the 
beads, moreover, were of a rude and clumsy appearance. Soon after 
their arrival in America, the Europeans began to manufacture wampnm 
from shells, very neatly and in abundance, exchan^ng it to the Indiansfor 
otbercommodities, thus carrying on a very profitable trade. The Indians 
now abandoned their wooden belts and strings, and substituted those 
of shell. The latter, of course, gradually declined in valne, but, never- 
theless, wer^and still are much prized."* 

I have little faith in Losfaiel's tttatement that the Indians chiefly used 
wood for the above-mentioned purpose, before they had intercourse with 
the whites. Losliiel never visited America ; he composed, as he observes 
' in the preface, his work from the journals and reports of Protestant 
missionaries, and probably was totally nuacquatnted with the early 
writings relating to North America, in which wampum is mentioned. 
Soger Williams, for example, who emigrated to liTorth America in 1631, 
is quite explicit oo that point. He states that the Indians maoafactnred 
white and dark wampum-beads, and that six of the^former and three of ' 
the latter were equivalent to an English penny. Yet it appears that even 
at his time the colonists imitated the wampum, and used it in their trade 
with the natives. " The Indians," he says, " bring downe all their sorts 
of Furs, which they take in the conntrey, both to the ludiaos and to the 
English for this Indian Money : this Money the English, French, and 
Dutch, trade to the Indians, six hundred miles in severall parts (North 
and South from New-Englaud) for their Furres, and whatsoever they 
stand in need of from them : as Corne, Venison, &c."t Similar statementB 
are contained in the writings and records of various persons who lived 
iu North America contemporaneously with the liberal-minded founder 
of Rhode Island. Even in the intercourse of the English colonists 
among themselves, wampum served at certain periods instead of the 
common currency, and the courts of New Englaud issued from time to 
time regnlations for fixing the money-value of the wampnm. In trans- 
actions of some importance it was measured by the fathom, the dark or 
blue kind generally being double the value of the white.} Aocordmg 
to Boger Williams, the Indians of New England — be chiefly refers to 
the Narragansetts — denoted by the term wompam (which signifies trAite) 
tJie white beads, while they called the dark kind mtckaukock (from mcH, 
blaek).^ The great value attached to wampum as au ornament is well 
ttlnstrated by the followhig passage from the same author : '• They 
hang these strings of money about their necks and wrists ; as also upon 

* Loskiel, tlissioD der evaogeliscben Brilder, &«., p. 34. 

tRoger Williams, A Kef, Ous., p. 128. 

t IbtorestinR deCAila conoemiiig wampum are given by Mr. Stevens in " FliDt Chij*," 
London, 1B70, pp. 454-64. 

i Roger Williama, L c. p. 130. In onotber place (p. 154) be tpvee the word vimpi let 
■cUte. Wimpui^eagcpeak, teawanl, raanok, were otbe nunea to eigDify wunpam. 



mzecDy Google 



ANCIENT ABOEIGINAL TEADE IN NOETH AMERICA. 381 

the necks and wrists of their wives and children. Mdckeqwoce, a Girdle ; 
which they make curionsly of one, two, three, fonre, and five inches 
thicknesse and more, of this money which (sometimes to the value often 
pounds and more) they weare about their middle and as a scarfe abont 
their shoulders and breasts. Tea, the Princes make rich Caps and Aprons 
(or small breeche3}of these Beads thas curiously strung into many formes 
aud figures: their blackennd white finely mixt together."* 

The wampum-belts, so often mentioned in connection with the histo- 
ry of the eastern tribes, consisted of broad straps of leather, upon which 
white and blue wampum-beads were sewed in rows, being bo arranged 
that by the contrast of the light and dark colors certain figures were 
produced. The Indians, it is well known, exchanged these belts at the 
coDcluston of peace, and on other solemn occasions, in order to ratify ' 
the transaction and to perpetuate the remembrance of the event. When 
sharp admonitions or threatening demonstrations were deemed neces- 
sary, the wampum-belts likewise played a part, aud tliey were even 
sent as challenges of war. In these various cases the arrangement of 
the colors and figures of the belts corresponded to the object in view ; 
on peaceable occasions the white color predominated; if the complica- 
tions were of a serions character, the dark prevailed ; and in the case of 
a declaration of war, it is slated, the belt was entirely of a somber hue, 
and, moreover, covered with red paint, while there appeared in the 
middle the figui^ of a hatchet executed in white. The old accoonts, 
however, are not qnite accordant concerning these details, probably be- 
cause the different Atlantic tribes followed in this particular their own 
taste rather than a general rule. At any rate, however, the wampnm- 
belts were considered as objects of importance, being, as has been 
stated, the tokens by which the memory of remarkable events was 
transmitted to posterity. They were employed somewhat in the manner 
of the Peruvian quipu, which they also resembled in that particular, 
that their meaning could not be conveyed without oral comment. At 
certain times the belts were exhibited, and their relations to former 
occnrrences explained. This was done by the aged and experienced of 
the tribe, in the presence of young men, who made themselves thor- 
oughly acquainted with the shape, size, and marks of the belts as well 
as with the events they were destined to commemorate, in order to be 
able to transmit these details to others at a future time. Thus the 
wampum-belts represented the archives of polished nations. Among 
the Iroquois tribes, who formed the celebrated "league," there was a 
special " keeper of the wampum," whose dnty it was to preserve the 
belts and to interpret their meaning, when required. This ofi3ce, which 
bore some resemblance to that of the quipu-decipherer (guipu-camayoc) 
of the Peruvians, was intrusted to a sachem of the OnondagaR.t 

In March, 1864, a delegation of Iroquoia of the State of New York 



• Ibid., p. 131. 

t MorgaD, League of tbe Iroqaoie, p. 12i. 
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passed tbroagh New York City oq their way to Washiugton, where they 
iutended to negotiate with the Ctovemmeut coneernioff former treaties 
relative to their lands. Tliey had hronght with them bheirold wampam- 
belts, aa documeuta to prove the justness of their claims. One of these 
belts, if I am rot mistaken, bad been given them by Ueneral Washing- 
ton on some important occasion ; for even the whites of that period were 
under the oece»sity of conforming to the established mie in their trans- 
actions with the natives. The New York Historical Society honored 
these delegates with a public reception, which ceremony took place in 
the large hall of the Society. The president delivered the speech of wel- 
come, which an old chief, uuable to express himself in English, answered 
in the Seneca dialect. A younger chief, Dr. Peter Wilson, called by 
thepcopleof bis tribe -De-jiA-non-da-weft/ioA, or the "Pacificator," served 
as interpreter, being well versed in both languages. He afterward ex- 
hibited the belts, and explained their significance. They were, as far 
as I can recollect, about two feet long and of a hand's breadth. The 
ground consisted of white beads, while blue ones formed the fignres or 
marks. The latter resembled ornamental designs, and I could bot dis- 
cover in them the form of any known object. I compared them at the 
time to somewhat rongbly executed embroideries of simple patterns. I 
asked the " Pacificator" whether these belts were the work of Indians 
or of whites ; but he was unable to give mo any definite information on 
that point,* 

I possess a number of white and blue wampum-beads troia an Indian 
grave, opened in I86I, near Charlestown, in the State of Rhode Island. 
The late" Dr. Usher Parsons, 6f Providence, Rhode Island, to whom I 
am indebted for these beads, has described the grave,f and thinks it 
enclosed the remains of a daughter of Kinigret, Sachem of the Niantic 
or Xahantic tribe of Indians. The interment is supposed to have taken 
place about the year 1660. These beads are regularly worked cylinders, 
drilled lengthwise, and from five to nine millimetres in length, by four 
or five in diameter. Of course, it cannot now be decided whether Indi- 
ans or whites were their manufacturers. The grave contained many 
other objects, but almost without exception derived ftvm the colonists 
of that period. I may also etate, in this place, that thus far I have not 
found iu the oldest English works on North America a perfectly satis- 
factory account of the method originally employed by the Indians in 
the manufacture, and especially iu the drilling, of the wampum-beads.} 

Among the tribes of the northwestern coast of Korth America, irom 

■ TbiH is the ume chief who delivered, in 1847, befora the New Yotk HiBlorical 
Society, a ponei-ful apoecb, quoted by Mocgaa, (Leagno of tho Iroqaois^ p. 440). The 
oliiefa name was tbeo WS-o-wo-iei-nd-^jik. 

t Nov York Historical Magaiioe, Febmuy, ie63. 

fBeforeever tbey bod snle bladeafrom Enrope, they made shift to bore this tbeir 
■bell money, with stooM, and to fell their trees with etoDO set in a wooden ntaS, and 
used wooden howes ; wbiob aome old and poore women (fMcfuU to leave the old tradi- 
tion) nse to this day."— Jbver WiiKamt, Set, P- 130. 



Mw .„Googlc 



ANCIENT ABORIQIWAL TRADE IN NORTH AMERICA. 383 

the Qortbem border of California far apward to the nortb, the shells of 
the Itentalium represented, antil witbiu the latest time, the wampam of 
the Atlautic region, beiog need, like the latter, both as oraament and 
moDey. These shells, which abound in certain places of the Pacific 
coast, may be likened to small, tapering, and somewhat curved tubes. 
Being open at both enda, they can be strung withont further prepara- 
tion. As my essay relates only to that portion of N'orth America which 
lies east of the Rocky Mountains, I probably would not have mentioned 
the use of Dentalinm-shells, were it not for the fact that they have 
been found in the interior of the country, for from the Pacific coast, as 
personal ornament of existing tribes, and even in the ancient mounds of 
Ohio.* The latter fact, indeed, is of great interest in its bearing on the 
extent of former aboriginal trade-relations, the distance from the Pacific 
to the State of Ohio being almost equal to the whole breadth of the 
North American coDtinent.t 

PBABLS. 

Perforate<l petu'Is, destined to serve as beads, often forin a part of the 
contents of ancient North American mounds. Sqnier and Davis found 
tbeui on the hearths of five distinct groups of mounds in Ohio, and 
sometimes in such abundance that they could be gathered by the hun- 
dred. Most of them had greatly suffered by the action of fire, being in 
many cases so calcined that they crumbled when bandied ; yet, several 
hundred were found sufficiently well preserved to permit of their being 
strung. The pearls in question are generally of irregular form, mostly 
pear-shaped, though perfectly round ones are also among them. The 
smaller specimens measure about one-fourth of an inch in diameter, but 
the largest has a diameter of no less than three-fourths of an inch.} 
According to Squier and Davis, pearl-bearing sheila occur iu the rivers 
of the region whose antiquities they describe, but not iu such 
abundance that they could have furnished the amount discovered in 
the tumuli ; and the pearls of these fiuviatile shells, moreover, are said 
to be far inferior in size to those recovered from the altars. The latter, 
they think, were derived from the Atlantic coast and from that of the 
Mexican Gulf. It is a fact that the Indians, who inhabited the present 
Southern States of the Union, made an extensive use of pearls for 
ornamental purposes. This is attested by the earliest accounts, and more 
especially by the chroniclers of De Soto's expedition (the anouymoua 
Portuguese gentleman and Garcilasso de la Vega), who speak of almost 
fabulous quantities of pearls, which that daring leader and bis followers 

* Stevens, Flint Cbips, p. 46B. 

t Sioce -writing the above, I leftmed, by eonaaltlng WDOdward's work on conohology, 
that the Deatalium is also fbnod :□ the WG«t Indies. If it should likonise occur ou Ibe 
Bonthem coasts of the Uoited States, there Is at least a poesibilit; that the apeoimena 
foaud in Ohio may have been obtuned from tbe last-named ngioo. 

t Ancient Honnmeuts, p. S3St. 
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B&w among tbe ladiaas of the parts traversed by them. Pearls, how- 
ever, belonged to the thiogs most desired by the Spaniards, and the 
accounts relating to them, perhaps, may be somewhat exaggerated. The 
following passage from Uarcilasso de la Vega is of particalar interest: 
" While De Soto sojonmed in the province of Ichiaha,* the caciqae 
visited him one day, and gave him a string of pearls about two fathoms 
{dmix Inusea) long. This present might have been considered a valu- 
able one, if the pearls had not been pierced ; for they were all of eqnal 
size and as large as hazle.Duts.t Soto acknowledged this favor by pre- 
senting the Indian with some pieces of velvet and cloth, which were 
highly appreciated by the latter. He then asked him concerning the 
peart-flshing, upon which he replied that this was done in his province. 
A great number of pearls were stored in the temple of the town of 
Ichiaha, where his ancestors were buried, and he might take as many 
of them as be pleased. The general expressed his obligation, bat ob- 
served that he wonld take away nothing &om the temple, and that he 
had accepted bis present only to please him. He wished to learn, how- 
ever, in what manner the pearls were extracted from the shells. The 
cacique replied that he would send out people to fish for pearls all night, 
and on the following day at eight o'clock (no) bis wish should be grati- 
fied. He ordered at once four boats to be dispatched for pearl-fishing, 
which should be back in the morning. In the mean time much wood 
was burned on the bank, producing a large quantity of glowing coals. 
When tbe boats bad retarned, the*sbells were placed on the hot coals, 
and they opened io consequence of the heat. In tbe very first, ten or 
twelve pearls of the size of a pea were found, and banded t« the 
cacique and the general, who were present. They thought them very 
Bne, though the fire bad partly deprived them of their Instie. When 
the general had satisfied his curiosity, be retired to take bis dinner. 
While thus engaged, a soldier came in, who told bim that in eating some 
of the oysters caught by the Indians, a very fine and brilliant pearl had 
got between his teeth, and he begged him to accept it as a present for the 
governess of Cuba.} Soto very civilly refused the present, but assured 
the soldier that he was just as much obliged to him as though he had 
accepted his gift : he would try to reward him one day for his kindness 
aud for the regard he wa« showing to his wife. He advised bim to keep 
his (intended) present, and to buy horses for it at Havana. Tbe Span- 
iards, who were with the general at that moment, examined the pearl of 
thi» soldier, aud some, who considered themselves as experts in tbe mat- 
ter of jewelry, thought it was worth four hundred ducats. It had re- 

•Theproviuceand tonnoflciaha,orlchialia, have beeo located in that part of North- 
ern QeoTgia wbere tbo Ooatanaula and Etowah riverH anite, and form tbe Cooea rivn. 
(See Theodore Irving's " Conquest of Florida," second edition, p. 242 ; also McCuUob's 
" Researcbes," p. 525.) 

t The Indians used to pieroe them with a heated copper wire, a proeew by vhioh tbej 
were spoiled. 

tDoDa Isabel de Bobadilla, De Soto's wife. 
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tained ite original lostre, not Laving been extracted by means of 

It is evident, therefore, that the lodianA obtained their pearls, in part 
at least, from their river-muscles, many of which are known to be 
margaritiferou3.f These mollusks undoubtedly were used as food by 
the abori^nes, n-fao ate alligators, Boakes, and other animals less tempt- 
ing than the contents of flaviatile shells. Indeed, I learned from ]>r. 
BrintOD, who was attached to the Army of the Cumberland during the 
late civil war, that muscles of the Tennessee river were occasionally 
eaten " as a change " by the soldiers of that corps, and pronounced no 
bcid article of diet^. Shells of the Unio are sometimes fouud in Indian 
graves, where they had been deposited with the dead, to serve as food 
during the jonrney to the land of spirits. In many parts of the North 
American mland he^ps of fresh-water shells are seen, indicating the 
places where the natives feasted upon the raollusks. Atwater has drawn 
attention to such accumulations on the banks of the Muskingum, in 
Ohio.} Heaps of muscle-shells may be seen in Alabama, along the 
rivers wherever Indians used to live. Thoosands of the shells tie 
banked np, some deep in the ground. § Dr. Briuton saw on the Tennes- 
see river and its tributaries numerous shell-heaps, consisting almost 
exclusively of the Unio virginianua (Lamarck t). In all instances he 
found the shell-heaps clone to the water-conrses, on the rich alluvial 
bottom-lands. "The mollnsks," he says, "had evidently been o)>ened 
by placing them on a flre. The Tennessee muscle is magaririferons, and 
there is no doubt bat that it was from this species that the early tribes 
obtained the hoards of pearls which the historians of Be Soto's explor- 
ation estimated by bushels, and which were so mncb prized as orna- 
ments. It is still a profitable employment, the jewelers buying them 
at prices varying from one to fifty doUars,"|| Kjoekkenmoeddinga on the 
St. John's river, in Florida, consisting of river-shells, were examined 
by Professor Wyman, and described by him ; he saw similar accumula- 
tions on the banks of the Concord river in Massachusetts, and was in- 
formed by eye-witn^ses that they are numeroos in California. tl On 
Btalling's Island, in the Savannah river, more than two hundred miles 
above its month, there stands a monud of elliptical shape, chiefly com- 
posed of the mnscles, clams, and snail-shells of the river. This tama- 

* Garcilaaao de la Vega, Conqotte io la Flortde, Vol. II, p. 396. 

t As Mr. laanc Lea, of Philadelphia, itironns me, pearls are foand in various species 
of the UnUmida, more ^qnently in Vato complanatut, Margarilana margaritifera, and 
JnoAmfa Jtunnfilu. Bat they occur occaBJunallji in all the species of this fiimily. Vei; 
largo aod volnablo pearls have been found in New Jersey. 

t Archteologia Ainericani), Vol. 1, p. 226. 

i Pickett, BistOrj- of Alabama, Chnrlcaton, 1851, Vol. I p. 12, 

I BrintOD, ArtiAcial Shell- Deposits ia the Uoited States, Sinithsoninn Eeport for 
1866, p. 357. 

1 Wyman, Fresh-Water Shell-Heaps of th« St. John's Elver, East Florida, Salem, 
MosBBchusetts, 1868, p. 6. 
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Ids, nhicb isabouttbreehnDdredfeetloDg^oQehaadredand twenty feot 
wide, udA, perhaps, over twenty feet high, was found to contain a large 
number of skeletons. " Several pits bave beon opened in the northeast- 
ern end. At the depth of twelve feet the amount of shells was undi- 
minisbed. They appear to bave been distributed in layers of eight or 
ten inches in thickness, with intervening strata of sand. An examina- 
tion into the coutente of the mound proves conclusively that it must 
have been used only for bnrial purposes ; that it is, in fitct, a hnge ne- 
cropolis. It could not bave been the work of a year, prof a generation. 
Stratum upon stratum has been heaped, each covering the dead of its 
age, until by degrees, and with the lapseof time, it grew into its present 
surprising dimensions."* 

It is probable that the natives of North America obtained pearls, 
both from flnviatile and marine shells, and further that they caught 
the bivalves, not solely on account of the pearls th^ inclosed, bat for 
using them as food. The pearls themselves, in all likelihood, were 
looked upon as additional, highly valued giflfi of nature. 
DIVISION OF LABOR. 

Among the later Indians, at least those who lived east of the Ilock; 
Mountains, nearly all work was performed by women. When, during 
times of peace, the master of a lodge had anpplied his family with the 
game necessary for its support, he thought to be relieved of further 
duties, and abandoned himself either to indolence or to his favorite 
pastimes, such as games of hazard, and exercises calculated to impart 
strength and agility to the body. He manufoctured, however, bis arms 
and kept them in repair, and also condescended to work, when a larger 
-object, a canoe for instance, was to be made, or a dwelling to be con- 
structed. Far more varied, on the other hand, were the duties imposed 
upon women. Xot only had they to procure water and flre-wood, to 
prepare the meals, to collect the iriiits serving as winter-provisions, to 
make moccasins and other articles of dress, but it was also incumbent upon 
them to perform many other labors, which, Irom tb^ nature, would seem 
to be more suited for men. Thus, the fields were cultivated by women ;t 
they dressed the skins to fit them for garments and other purposes ; 
the manufacture of pottery was a branch of female industry; they did 
the priucipai work in the erection of the huts or tents (of skins, mats 
or bark), and their assistance was even required when canoes, especially 
those of bark, were made. During the march they carried heavy loads, 
and on the water they handled the paddle as skilfully as the men. If 
to all those tasks and toils the bringing up of children is added, the lot 
of the Indian woman appears by no means an enviable one, though slie 
bore her burden patiently, not being accustomed to a different manner 
of existence. She was, indeed, hardly more than the servant of ber lord 
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and master, who Creqaently lived in a state of polygamy merely for com 
maoding more assistance in his domestic affairs. 

Snch were the occapatious of Indian men and women in general. Sev- 
ertbeless, there are indications that the germs of handicrafts already 
existed among the North American bribes, or, to speak more distinctly, 
that certain individuals of the male sex, who were, by natural inclina- 
tion or practice, particnlarly qualified for a distinct kind of mannal tabor, 
devoted themselves principally or entirely to this labor. I refer, of 
coarse, to the period antecediug the occapation of the country by Euro- 
peans — that period about which so little is known, that a careful exam- 
ination of the still existing earth-works, and of the minor products of 
industry left by the former inhabitants, a£ford3 the principal guidance 
in the attempt to determiue their mode of existence. The earliest wri^ 
ings on North America are exceedingly deficient in those details which 
are of interest to the archfeologist, and form, as it were, his points of 
departure; and it becomes therefore necessary to adopt here, in the 
pursuit of archEBological investigation, the same system of careful iu- 
qniry and deduction that has been so successfnlty employed in Europe. 
The only difference is, that in the latter part of the world " prehistoric 
times" reach back thousands of years into the remotest antiquity, while 
in America a comparatively recent period must be drawn within the 
precinct of antiquarian research. 

Any one who examines a collection of North American chipped flint 
implements will notice quite rude and clumsy specimens, bat also, along- 
side of these, others of great regularity and exquisite finish, which could 
ouly have been fashioned by practised workers in fitnt. This applies par- 
ticularly to the points of arrows and lances, some of which are so sharp and 
pointed that they, when properly shafted, almost wonld be as effectual as 
iron ones. In fact, the cddest Spanish writings contain marvelous ac- 
counts of the penetrating force of the flint-pointed arrows osed by the 
IndiansofFloridaiu their encounters with the whites. Not every warrior, 
it may be presametl, was able to make stone-points, especially those of a 
superior kind, this labor requiring a skill that could only be attained by 
long practice. There were doubtless certain persons among the various 
tribes who practised arrow-making as a profession, and disposed of 
their manafactnres by way of exchange. In reference to this subject 
Mr. Schoolcraft observes as follows : " A hunter, or warrior, it is tme, 
expected to make his own arms or implements, yet the mannfactnre of 
flint and homstone into darts and spears and arrowheads demanded too 
much skill and mechanical dexterity for the generality of the Indians to 
succeed in. According to the OJibway tradition, before the introduction 
of fire-arms, there was a class of men among the northern tribes who were 
called makers of arroicheads. They selected proper stones, and devoted 
themselves to this art, taking in exchange for their manafoctures, the 
skins and flesh of animals." According to Colonel Jones, the tradition 
has been preserved in Georgia " that among the Indians who iuhnbite<J 
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tbo moiintaiDS, there ^as a certain nnrnber or claEs who devoted their 
time and atteution to the manufacture of these darts. That as soon as 
they ba<l prepared a general supply, they left their mountain homes and 
visited the sea-board and intermediate localities, exchanging their spear 
and arrowheads for other articles not to be readily obtained in the region 
where they inhabited. The further fact is stated that these persons 
never mingled in the excitements of war ; that to them a free paseport 
was nt all times granted, even among tribes actually at variance with 
that of which they were members; that their avocation was esteemed 
honorable, and they themselves treated with nuiversal hospitality. If 
such was the case, it was surely a remarUable and interesting recogni- 
tion of the claims of the manufacturer hy an untutored race."* 

In a former section I have mentioned a Califomian Indian of the 
Shasta tribe, who was seen making arrowheads of obsidian by Mr. Caleb 
Lyon, "The Indian," he says, " seated himself on the door, and, placing 
a stone anvil npon his knee, which was of compact talcose slate, with 
one blow of his agate chisel he separated the obsidian pebble into two 
parts, then giving another blow to the fractured side he split 'off a slab 
a fonrth of an inch in thickness. Holding the piece against the anvil 
with the thumb and finger of his left hand, he comhienced a series of 
continuous blows, every one of which chipped off fragments of the brittle 
substance. It gradually assumed the refjuired shape. After finishing 
the base of the arrowhead (the whole being only a little over an inch 
in length) he began striking gentler blows, every one of which I expected 
would break it into pieces. Tet such was their adroit application, his 
skill and dexterity, that in little over an hour ho produced a perfect 
oJ)sidian arrowhead. Among them arrow-maMng is a distinct trade or 
profession, ickich many attempt, but in tehich fetp attain excellence.^ t 

Another method of arrow-making practised by the Califomian tribes 
is mentioned by Mr. Edward E. Chever in an article published in the 
" American Naturalist," Mny, 1870. lie has figured the implement used 
in the process (p. 139). " The arrow-heail," he says, " is held in the left 
hand while the nick in the side of the tool ia used as a nipper to chip 
off small fragments." 

Mr. Catlin gives an interesting and full acconnt of the manufacture of 
arrowheads among the Apaches and other tribes living west of or in the 
Bocky Alonntains, The following extract contains his principal state- 
ments : " Erratic boulders of flint are collected (and sometimes brought 
an immense distance) and broken with a sort of sledge-hammer made of 
a rounded pebble of homstone, set in a twisted withe, holding the stone 
and forming a handle. The flint, at the indiscriminate blows of the 
sledge, is broken into a hundred pieces. The master- workman, seated 
on the ground, lays one of these flakes on the palm of his left band, 

* Jonis (Chnrlea C.)i Indian Remains iu Sonlborn Cieorgia. AddreM delivered befim 
tb^ Georgia Hieturical Society, Suvauuali, 1859, p. 19. 
t Balletio of tbe American Etbuological SociBty, Kow Tork, 18GI, Tol. I, p. 39l 
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holding it firmly down witb two or more fingers of the some bam), ami 
vith bis right band, betweoa tbe tbnmb and two foi-o&ngers places liis 
cbisel or puni^b* on the point that is to be broken off; and a co- 
operator (a striker) sitting iu front of Mm, with a mallet of very hard 
■wood, strikes the chisel' on tbe upper end, finking the flint off on the 
under side, below encli projecting point that Is struck. The fiint i» 
then turned aud chipped in the same manner from the opposite side ; 
and so turned and chipped until the required shape and dimensions are 
obtiiincd, all fractures being made on the palm of the hand, whose 
yielding elasticity enables the chip to come off without breaking the 
body of the flint, which would be tbe case if they were broken on a 
hard substance. This operation is very curious, both the holder and tbe 
striker singing, and the strokes of the mallet given exactly in time with 
the music, aud with a sharp aud rebounding blow, iu which, tbe Indiaus 
t«ll us, is the great medicine (or mystery) of the operation. Eveiy tribe 
has its factory In which these arrowheads are made, and iu those only 
certain adepts arc able or atloiced to male them/or the use of ilw (riftc."t 

Thus tradition as well as modem experience justify the belief that 
the manufacture of arrow and spearheads was formerly carried on as a 
craft by certain individuals of the K'orth American tribes, and Longfel- 
low's "Ancient Arrow-maker," therefore, is not a mythical person, but 
t||B ideal type of a class of men whose art flourished in by-gone times. 

The skilfully executed agricultural flint implements of East St. 
Louis, described by me in the Smithsonian Report for 18C8, have alto- 
gether the appearance as if one band had fashioned them. Is it not 
probable that they formed the magazine of an aboriginal artisan, who 
devoted his time chiefly to the manufacture of such tools f Tbe making 
of wampum aud of shell-beads iu general may have formed a trade 
among the tribes inhabiting the sea-board ; for this labor required much 
time aud promised success only to those who, by long practice, had 
attained skill in the operation. Tbe supposition gains some ground by 
an observation of Roger Williams, who states that " most on the Sea 
side make Money and fStore up shells in Summer against Winter whereof 
to make their money." He further observes on tbe same page : " They 
have some who follow onely makingof Bowes.some Arrowes,somcl)ishe3 
[aud the women make all their Earthen Vessells,) some follow fishing, 
some hunting.''^ 

Tbe most remarkable productions of ancient aboriginal industry are 
tbe carved stone pipes of peculiar shape exhumed by Messrs. S(]uier 
and Davis from tbe mounds of Ubio, aud minutely described and fig- 
nred by them in the "Ancient Monuments of the Mississippi Valley. §*' 

* Six or suven tuclits in IcDKtb, and made of au incisor of tho eporoi-whalu, otlva 
atranded on the const of the Pacific. 
t CatlJD, Laat Ramblers aiuongst the Indians, New York, I86T, p. 187, &o. 
t BoRer Williams, A Kef, &c.,p. 133. 
i Chapter XV, Scolptures from the Mounds, pp. 242-376, 
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Foar miles north of Ghillicothe, Ohio, tliere lies, close to the Scioto 
river, an enibaDkineDt of earth somewhat ia the shape of a sqaare 
with strongly rouuded angles, and enclosing an area of thirteen acres, 
over which twenty-three mounds are scattered without tuucli regularity. 
This work has been called " Mound City," from the great number of 
uiouitds within its walls. In digging into the uouuds, Squier and 
Davis discovered hearths in many of them, »'hich fumiuhed a great 
uuuiber of aboriginal relics. From one of the hearths nearly two huD- 
dred of those peculiar stone pipes were taken, many of them, unfortu- 
nately, cracked by the action of the fire, and otherwise damaged. The 
occnrrence of these " mound-pipes," however, was not confined to the 
mound in question, similar ones having occasionally been fonud else- 
where, lu tbo more elaborate pii>es from Mound.City, the bowl ia some- 
times formed in imitatioa of the human head, but generally of the body 
of an animal, and iu the latter cases the peculiar characteristics of the 
n])ecie8 which have served as models are frequently expressed with sur- 
prising fidelity. The followiug mammala have been recognized : the 
beaver, otter, elk, bear, wolf, dog, panther, wild cjit, raccoon, opossum, 
squirrel, and sea-cow (Mauati, Lamantin, Trichectts manalm, Liu.}. 
Of the last-named animal, no less tbau seven representations were 
found, a circumstance deserving particular notice, because this inhabit- 
ant of tropical waters ia not met in tlio higher latitudes of North Arov- 
ica, but only on the coast of Florida, which ia many bnudred miles dis- 
tant from Ohio. The Florida Indians called this animal the "big 
beaver," and hunted it on account of its flesh and bones." Most fre- 
quent are carvings of birds, among which the eagle, hawk, falcon, tur- 
key-buzzard, heron, several siWHJies of owls, the taven, swallow, paro- 
quet, duck, and other land and water-birds, have beeu recognized. One 
of the specimens is supposed to represent the toucan, a tropical bird 
not inhabiting the United States. Worthy of particular meution as a 
well executed sculpture is a species of eagle or hawk iu the attitude of 
teaUng a smaller bird held iu its claws ; and so ia that of the tufted 
heroQ feeding on a fish. The amphibious animals, likewise, have their 
representatives in tlie snake, toad, frog, turtle, and alligivtor. One spe- 
cimen shows a snake that winds itself around the bowl of the pipe. 
The toads, in particular, are very faithfnl imitations of natnre. Indeed, 
it is said in the "Ancient Monuments " that, if placed in the grass be- 
fore an unsuspecting observer, they would probably be mistaken for 
the natural objects ; and this statement is in no nay exaggerated, as 
every one will admit who has seen tlie specimens iu tjiiestioa. The bird- 
flgure supposed to represent the toucan, I think, is not of sufficient dia- 
tinetness to identify the original that was before tbo artist's mind; it 
would not be safe, therefore, to make this sjiectmen the subject of far- 
reaching speculations. For the rest, the imitated auimals belong, witb- 

* Dartraui, Travels, Dublin, 17!)3, p. 3S9. 
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oat ezcepttoD, to tbe S'ortb American fanna ; and there is, moreover, 
the greatest prohahility that the scalptnres in question were made in or 
near the present State of Ohio, where, in corroboration of the lost sup. 
position, a few onflnisbed specimens have occurred among the complete 
articles. The discovery of the manati-flgures, however, is in so far of 
interest as it indicates a communication between the aucieut iuhabitants 
of Ohio and those of the Floridian coast-region. 

It was formerly believed most of thesepipes were composed of a kiod 
of porphyry ; but since their transfer to the Blackmore Museum, they 
were carefully examined and partly analysed by Professor A. H. Church, 
who found them to consist of softer materials.* Nevertheless, they 
constitute the most remarkable class of Indian prodncts of art thus far 
discovered, for some of them are so skilfully executed that a modem 
artist, notwithstanding his far superior instroments, would find no little 
difficulty in reproducing them. The manufacture of stone pipes, neces- 
sarily a painful and tedious labor, therefore may have formed a branch 
of aboriginal industry, and the skilful pipe-carver probably occupied 
among the former Indians a rank equal to that of the experienced 
sculptor in oar time. Even amoug modern Indians pipe-makers some- 
times have been met. Thus, Dr. Wilson mentions an old Ojibway In- 
dian, whose name is Ptdfahmeaad, or the " Flier," but who, from bia 
skill in making pipes, is more commonly known as Picahguneka — " be 
makes pipes."f Kohl, also, speaks of an Ojibway pipe-maker whom be 
met ou Lake Superior. " There are persons amoug them," he says, 
" who possess particular skill in the carving of pipes, and make it their 
profession, or at least the means of gaining in part their livelihood. I 
mode the acquaintance of such a/aiseur de calumet, and visited him 
occasionally. He inlaid his pipes very tastefully with figures of stars 
and flowers of black and white stones. But his work proceeded very 
slowly, and he sold his pipes at high prices, from four to five dollars 
apiece. Yet the Indians sometimes pay much higher prices." } 

In addition to the articles thus tar enumerated, others may have been 
mannfactured more or less extensively by way of trade ; but, iu default 
of corroborating data, we must rest satisfied with the supposition that 
such was the case. European archieologists, in estimating the condi- 
tions of prehistoric races of the Old World, have derived much aid ^om 
inquiries into the modes of life among still-existing primitive popnla- 
tious of foreign parts. The same system may be applied in autiqunrian 
researches relative to !North America, where the customs and manners 
of the yet lingering aboriginal population can be brought into requisi- 
tion for elucidating the past Thus, some statements made by Mr. 
' James G. Swan, in a recent work on the Makah Indians of Cape Flat- 
tery, (published by the Smithsonian Institute,) are of great interest in 

• Church, iu " Fliut Chips," p. 414. 

t Wilson, Prehistoric Mau, Load., 1863, Vol. II, p. 15. 

t Kobl, Kitscbi-Gaui, Vol. II, p. U2. 
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coDuoction with the object treated in tbia article. " The utanafactore 
of implemeuts," be says, " is practised hy all ; some, however, prodao- 
ing neater articles, are more employed in this way. The manufacture 
of whaling implements, particntarly the stalT of the harpoon and the 
harpooQ-bead, is confined to individuals who dispose of them to the 
others. This is also the case with rope-making; although all under- 
Btand the process, some are peculiarly expert, and generally do the most 
of the wort. Oaaoe-making is another hrancb that is confined to cer- 
tain persons who have more skill than others in forming the model and 
in finiHhiDg the work. Although they do not seem to have regular 
trades in these manufactures, yet the most expert principally confine 
themselves to certain branches. Some are quite skilful in working iron 
and copper, others in carving or in painting, while others again are 
more expert in catching fish or killing whales."* 

It is true, the conditions of existence of a Dorthem tribe bordering on 
the Pacific coast cannot serve as a standard for the populations for- 
merly inhabiting tlie valleys of the Mississippi and Ohio, or the Atlantic 
sea-board ; yet, that the latter were led by similar motires, in regard to 
the division of labor, seems to he confirmed by the observations and 
extracts given in this sketch. 

CONCLUSION. 

In the preceding series of articles 1 have almost exclnsively referred 
to manufactures, and among these, of course, only to such as could, 
from their nature, resist the destroying influence of time. Yet, it can- 
not be doubted that articles consisting of less dnrable materials, for 
instance, dressed skins, basket-work, mats, wooden ware, &c., formed 
objects of trafBc. The most extensive exchange, perhaps, was carried 
on in provisions that could be preserved, such as dried or buccaiied 
meat, maize, maplesugar, and other animal or vegetable substances. 
Those who were abundantly provided with one or the other article of 
food bartered it to tbeir less favored neighbors, who, in return, paid 
them in superfiuous products or in manofactures of their own. Oon- 
veroing the ways of coromuDication, the North American continent 
afforded, by its mauy navigable waters, rivers as well as lakes, perhaps 
greater facilities for a primitive commerce than any other pure of the 
earth, and the canoe was the means of conveyance for carrying on this 
commerce. 

The learned Jesait, Lafitau, has given some accouDt of Indian trade 
as it was in the beginning of the eighteenth century, at which period 
he lived, as a missionary, in North America. "The savage nations," 
he says, "always trade among each other. Their commerce is, like that' 
of the ancients, a simple exchange of wares against wares. They all 
have something particular which the others have not, and^the traffic 

*SwaQ, The iDdiaoa of Capo Flattery, at the Entrance to the Strait of Fnoa, Waab- 
iDgton TeiTitor;, Waaliingtou, 1670, p. 48. 
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makes these things circolate among them. Their wares are grain, por- 
celain (wampum), furs, robes, tobacco, mats, caaoes, work made of moose 
or buffalo hair and of porcupine quills, cotton-beds, domestic utensils — 
in a word, all sortsofneeesaaries of life required bythem.''^ A passage 
from Lawson, a contemporary of Lafitau, may also be inserted with pro- 
priety in this place. Speaking of the natives of Carolina, he says: 
"The women make baskets and mats to lie upon, and those that are not 
estraordinary hunters make bowls, dishes, and apoons of gum-wood and 
the tulip-tree; others, where they find a veiu of white clay fit for their 
purpose, make tobacco-pipes, all which are often transported to other 
Indians that, perhaps, have greater plenty of deer and other game,&c.''t 
The arrival of the whites produced a thorough change in Indian life, 
wherever a contact between the two races took place. The age of stone 
and that of iron met, almost without an intervening link, for the so- 
called North American " copper period" was but of littto practical sig- 
nificance. Simultaneously with the settlement of the eastern parts of 
North America by the whites, there arose a traffic between these and the 
Indians in their neighborhood, which provided the latter with imple- 
ments and utensils so far superior to their own, that they soou ceased to 
manufacture and use them. The keen-edged steel ase superseded the 
clumsy and far less serviceable stone tomahawk; the European knife 
did away with the cutting implement of flint ; and those of the natives 
who could not obtain fire-arms at least headed their arrows with pointin 
of iron or brass. The potter's art was neglected, solid and durable 
vessels of metal supplying the place of the fragile aboriginal fabrics of 
clay. Instead of procuring fire by turning a wooden stick, fitting in a 
small cavity of another piece of wood, rapidl> oetween their hands until 
ignition was effected, the natives now resorted to the far preferable 
method of striking fire with steel and flint. Their dress, too, underwent 
changes, pliant woolen and cotton textures being employed to a certain 
extent instead of dressed skins. Formerly, when the Indians wished to 
make one of their more durable cnnoes or a large mortar for pounding 
maize, they had first to fell a suitable tree, a task which, on acconnt of 
the insufficiency of their tools, required much labor and time. Being 
unable to cut down a tree with their stone axes, they resorted to fire, 
burning the tree around its foot and removing the charred portion with 
their stone implements. This was continued until the tree fell. Then 
they marked the length to be given to the object, and resumed at the 
proper place the process ofburning and removing. In a similar manner 
the hollowing of the tree was effected. But now a few strokes of the 
£uroi)ean axe did the same work which formerly, perhaps, required days; 
and to a race as indolent and averse to labor as the Indians, the effect 
of that simple tool must have appeared almost miraculous. 

* Lafitaa, HteurB dea Sanv^es AmiSriqnaiDa, Paris, 1724, Vol. II, p. 332. 
t LaweoD, Histoiy of CaroluiB, Loudon, 1714; repHut, Ealuigb, 1660, p. 33o. 
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Greater, however, than these and maiiy other advantages vere the 
evils which the contact with the whites broaght npon them ; and in 
saccnmbing to the overwhelming power of the Cancasians, they shared 
the fate of every inferior race that takes ap the contest with one wxa- 
pying a higher rank in the family of men. 
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NOETH AMERICAN STONE IMPIEMENTS. 

Br CaiKLKS Rau. 

The divisiou of the European stoDe age into a period of chipped stone, 
and a snnceedtng one of grouud or polished stoue, or, into the palaeo- 
lithic and neolithic periods, seems to be fnlly home ont by facts, and is 
likely to remain an uncontro verted basis for futnre investigation in 
Europe. In North America chipped as well as grouud implements are 
abundant ; yet they occur promiscnonsly, and thus far cannot be re- 
ferred respectively to certain epochs in the development of the abo- 
rigines of the country. Archieological investigation in North America, 
however, is bnt of recent date, aud a careful examiuatiou of our caves 
and dritt-beds possibly may lead to results similar to those obt;tiued in 
Europe. When in the latter part of the world man lived contempo- 
raueonsly with the now extinct large pachydermatons and carnivorous 
animals, he used migroaud flint tools of rude workmanship, which were 
superseded in the later stages of the European stone age, comprising 
the neolithic period, by more finished articles of dint and other stone, 
many of which were brought into final shape by the processes of grind- 
ing and polishiug. In North America stone implements likewise have 
been fonud associated with the osseous remains of estinct auimals; yet 
these implements, it appears, differed in no wise from those in use among 
the aborigines at the period of their first intercourse with the whites. 

lu the year 18-39, the late Dr. Albert C. Koch discovered in the bot- 
tom of the Bonrbeuse River, in Gasconade County, Missouri, the re- 
mains of a Mastodon giganteus under very peculiar circumstances. The 
greater portion of the bones appeared more or less burned, and there 
was sufficient evidence that the fire had beeu kindled by human agency, 
and with the design of killing the huge creature, which had been found 
mired in the mud, and iu an entirely helpless condition. The animal's 
fore and hind legs, untouched by the fire, wore iu a perpendicular posi- 
tion, with the toes attached to the feet, showing that the ground in 
which the animal had sunk, uow a grayish-colored clay, was iu a plastic 
condition when the occurrence took place. Those portions of the skele- 
ton, however, which had been exposed above the surface of the clay, 
were partially consumed by the fire, and a layer of wood-ashes and 
charred bones, varying in thickness from two to six inches, tudicated 
that the burning had been coutiuued for some length of time. Tbe fire 
appeared to have been most destructive around the bead of the animal. 
Uiugled with the ashes aud bones was a large number of broken pieces 
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of rock, which evideotly bad been canied to the spot ftvm the bant of 
the Bourbease Biver to be hurled at the auimal. But the barniug and 
hurliug of Htooes, it seeiD8, did Dot satisfy the assailants of the masto- 
don ; for Dr. Koch found among tbe ashes, bones, aud rocks aereral 
stone arrow-heads, a spearhead, and some stone axes, which were takeo 
out iu tbe presence of a number of witnesses, cniisistiDg of the people of 
the neighborhood, who had been attracted by the novelty of the exca- 
vation. The layer of ashes and bones was covered by strata of allnviid 
depasits, consisting of clay, sand, aud soil, from eight to nine feet thick, 
which form the bottom of the Bourbense River iu general. 

About one year after this excavation, Dr. Eoch found at another 
place, in Benton County, Missouri, in the bottom of the PommedeTerre 
Biver, about ten miles above its junction with the Osage, several stone 
arroic-lteads mingled with the bones of a nearly entire skeleton of the 
Missourium. The two arrow-beads found with the bones " were in such 
a position as to furnish evidence still more conclusive, perhaps, than iu 
the other case, of their being of equal, if not older date, than the bones 
themselves ; for, besides that tbey were fouad iu a layer of vegetable 
mold which was co^'ei'ed by twenty feet in thickness of alternate layers 
of sand, clay, and gravel, one of the arrow-beads lay underneath tbe 
thigh-boue of tbe skeleton, the bone actually resting in contact upon it, 
so that it could not have been brought thither after the deposit of the 
bone ; a fact which I was careful thoroughly to investigate."* 

Fig. 1. It affords me particular satisfaction to 

present iu Fig. 1 a full-size drawing of the 
last-named arrow-bead, which is still in the 
possession of Mrs. Elizabeth Koch, of Saint 
Louis, tbe widow of the discoverer. The 
urawing was made after a photograph, for 
which I am indebted to Mrs. Koch. It will 
be noticed that tbe poiut, oue of the barbs, 
and a comer of the stem of this arrow-head — 
if it really was an arrow-bead, aud not the 
armature of a javelin or 6i)ear— are broken 
\ off; but there remains enough of it to make 
' out its original shape, which is exactly that 
of similar weapons used by the aborigines 
iu historical times. The specimen in ques- 
tion, which, as I presume, was found by Dr. 
Koch in its present mutilated shape, con- 
sists of alight-brown, somewhat Juottled flint.t 
*Kocb, iu TraDHactions of tbe Academy of Science of Saint LoDi8,Tol. i,(IB60,) p. 61, &i>. 
1 1 am Tell aware tbat tbe reality of Dr. Kucb's discovery has beau doubted by some, 
aUbniigh it in diScult to perceive wliy he sbould have made tbose atatemeDt*, if not 
true, at a time n-beii the aoliqiiity of man wok not yet discansed, cither in Eotope or 
here, aud he, therefore, could expect oethiU|; but contradiction, public opinioit being 
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Id referring to tliese discoveries of Dr. Eocb, aoA some otber indica- 
tions of tlie high antiqnity of man in America, Sir John Labbock con- 
cludes tliat " there does not as yet appear to be any satisfactory proof 
that man co-existed in Amei'ica ^ith the Mammoth and Mastodon.''* 
Tet, it may be expected, almost with certainty, that the reaalts of fu- 
ture investigations in North America will fully corroborate Dr. Koch's 
discoveries, and vindicate the trathfulness of his statements. Indeed, 
some facts have come to light during the late geological survey of Illinois, 
which confirm, in a general way, the conclusions arrived at by the 
fthove-named explorer. According to this survey, the blue clays at the 
base of the drift contain fragments of wood and trunks of trees, but 
DO fossil remains of animals; but the brown clays above, underlying 
the Loess, contain remains of the Mammoth, the Mastodon, and the Pec- 
cary ; and bones of the Mastodon were found in a bed of " local drift," 
near Alton, underlying the Loess in Htu above, and also in tAesatneAm- 
2011, stone area and fl'mt spearheads, indicating the co-existeuce of the 
human race with the extinct mammalia of the Qnatemary period.t 

It most sot be overlooked that both Br. Koch and the Illinois survey 
mention flint arrow and spear-heads as well as stone axes aa being asso- 
ciated, directly or indirectly, with the remaine of extinct animals. 
These stone axes nndoubtedly were ground implements; for, had they 
differed in any way from the ordinary Indian mannfactnres of the same 
class, the fact certainly would have been noticed by the observers. 
Thus far, then, we are not entitled to speak of a North American pal- 
aeolithic and neolithic period. In the new world, therefore, the human 
contemporary of the Mastodon and the Mammoth, it wonld seem, was 
more advanced in the manufacture of stone weapons than his savage 
brother of the European drift period, a circumstance which favors the 
view that the extiiict large mammalia ceased to exist at a later epoch 
in America than in Europe. The remarks of Lieutenant Colonel C H. 
Smith on this point are of interest. " Over a considerable part of the 
eastern aide of the great (American) mountain ridge," he says, " more 
particularly where ancient lakes have been converted into morasses, or 
have been filled by alluvials, organic remains of above thirty species of 
mammals, of the same orders and genera, in some cases of the same 
species, (as in Europe,) have been discovered, demonstrating their ex- 

totally unprepared for aach ravclutiona. Not beiog a BoiestlQc palaeoatolojcist, ho cor- 
taioly made eome mistakeji in putting tot^ther the bones of the animala eihiimed b; 
him ; but these fulinga, in my opinion, have no bearing on his obaerrntione relutive to 
the co-exiBt«nce of man with extiuot aoimala id North America. Only a ehort time 
ago Home reoiarks tending to dcpreoiate Dr. Koch's account were made by Dt. Schmidt, 
in an article on theantiqaity of man in America, published in vol, v, of the^rcAicJlf 
Anthropolegie. I may state here that I was pereonaUy acqaainted wit^ Dr. Koch, whom 
I saw repeatedly at the meotlugsoftbe Academy of Science of Saint Louis. 

* Prehistoric Times, lat ed., p- S36. 

IGeologioal Snrvoy of Illinois, b; A. H. Worthen, vol. i, (1866,) p. 38; quoted in 
Tiausactions of the Academy of Science of Saint Lonls, vol. ii, (1868,) p. SOT. 
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istpnce in a contemporary era with those of the old coQtin«Dt, and 0D>'Ier 
similar circnmstaDcc^. But tlieir period of duration in tlie nrw vorld 
niaj have l>een prolonged todatesof abubsequont time, since thePacby- 
derms of the United States, as well as those of tlie Pumpus of Brazil, 
are inmh more perfect : and, in many cases, possess characters ascribed 
to hones in a recent state. Alligators and crocodiles, moreover, eon- 
tinne to exist in latitudes where they endure a winter state of tor|>iiIity 
beneath ice, as an evidence that the great Saurians iu that region have 
not yet entirely worked out their mission; whereas, on the old conti- 
nent they had ceased to exist in high latitudes long before the extinc- 
tion of the great Ungulata.*" , 

Flint implements of the European " drift type," however, are by no 
means scarce in North America, although they cannot (thus far) be 
referred to any particular period, but must be classed with the other 
chipped and ground implements in use among the North Ameiican abo- 
rigines during historical times. 

In the first place I will mention certain leaf-shaped flint implements 
Trhich have been found in mounds and on the surface, as well as in de- 
posits below it. They are comparatively thin, of regular outline, and 
exhibit well-chipped edgesall around the circumferences. On the whole, 
they are among the best North American flint articles which have 
fallen under my notice. The specimens found by Messrs. Squier and 
Davis in a mound of the inclnsnre called Mound City, on the Scioto 
River, some miles north of Chillicothe, Ohio, belong to this class. Most 
of them were broken, but a few were found entire, one of which is repre- 
sented in half size by Fig. 100 on page 211 of the "Ancient Monnments 
of the Mississippi Valley." This specimen measures four inches in 
'ength and about three inches across the broad rounded end. I have a 
still larger one, consisting of a reddish mottled flint, which was found 
on the surface in Jefferson County, Missouri. The annexed full-size 
drawing. Fig. 2, shows its outline. The edge on the right side is a little 
damagetl by subsequent fractures, but for the sake of greater distinct- 
ness I have represented it as perfect. The finest leaf shaped imple- 
ments which 1 have had occasion to examine, are iu the possession of 
Mr, M. Cowing, of Seneca Falls, New York. The owner told me he had 
more than a hundi-ed of them, which were all derived from a locality in 
the State of New York, where they were accidentally discovered, form- 
ing a de|K>sit under the surface. Mr. Cowing, who is constantly engaged 
in collecting and buying up Indian relics, refused to give me any in- 
formation concerning the place and precise character of the deposit, 
basing his refusal on the ground that a few of these implements were 
still in the hands of individuals in the neighborhood, and that he would 
reveal nothing in relation to the deposit until he had obtained every 
specimen originally belonging to it. I am, therefore, unable to give any 
'ThuMaturalHIatury of the Human Species, London, 1H.VJ, p. 89. The coinparatiTa 
fhiaLneiiHuf [lie boncH of extinct Nurth Americuu auiiuule was noticed liy Cavier. 
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particulars, and must conflne myself to the statement tbat the speci- 
mens sliowu to me present in genenil the outline of the original of Fig. 2, 
though tbey are a little smaller ; and that they are thin, sharp-edged, 
and exquisitely wrought, nud consist of a beaatiful, variously-colored 
fliut, whieh bears some resemblance to chalcedony. 

GouceniiDg the use or Fig. 2. 

uses of North American 
leaf-shaped articles, I am 
hardly prepared to give a 
defiuite opinion, though 
1 think it probable that 
they served for purposes 
of cuttiug. They were 
certainly not intended for 
spear- heivds, their shape 
beiug ill-adapted for tbat 
eud ; nor do I think that 
they were used as scrap- 
ers, as other more massive 
implements of a kindred / 
character probably were, > 
of which 1 shall speak ^ 
hereafter. 

The aborigines were iu I 
the babit of bnrying arti- 
cles of flintintheground, \ 
and such deposits, some- 
times quite large, have 
been discovered in various 
parts of the United States, 
These deposits consist of 
articles representing va- 
rious types, among which 
I will mention the leaf- 
shaped implements in the 
possession of Mr. Cowing; the agricultural tools^ found at East Sainc 
Louis, IlliDois, of which I have given an account iu the Smithsonian 
report for 1868 ; and the rude flint articles of au elongated oval shape, 
which were found about 1860 on the bank of the Mississippi, betweeu 
Oarondelet and Saint Louis, Missouri, and doubtless belonged to a de- 
posit. I have described them in the above-named Smithsonian report, 
(p. 405,) and have also given there a drawing of one of the specimens 
in my possession. This drawing has been reproduced by Mr. E. T. 
Stevens, on page 441 of his valuable work entitled " Fliut Chips," (Lon- 
don, 1S70,) with remarks tending to show that the specimen does not 
represent an nnfluislied imidement, as I am inclined to believe, but a 
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complete one. I must admit that my drawing is not a very good one. 
It gives the object a more definite character tliau it really possesses, the 
chipping appearing in the representation far less snpeiiQcial than it is 
in the original, which, indeed, has such a shape that it could easily be 
-rednced to a smaller size by blows aimed at its circumference. J have 
myself scaled ofT large Oat flakes from similarly-shaped pieces of flint, 
using a small iron hammer and directing my blows against the edge, 
and have thus become convinced that the further working of objects 
like that iu question could ofier no serious difflcalties to a practised 
flint-chipper. My collection, moreover, contains several smaller flint 
objects of similar shape, which are undoubtedly the rudiments of arrow 
and spear-heads, and I may add that I obtained a few from places where 
the manufacture of such weapons was carried on. 

Yet the most important deposit of fliut implements resembling cer- 
tain types of the European drift, is that discovered by Messrs. Squier 
and Davis during their researches in Ohio. They have described this 
interesting find in the "Ancient Monuments of the Mississippi Valley," 
and a ritiumi of their account was given by me iu the Smithsonian re- 
port tbr 186S, (p. 404.) The implements in question, I stated, occnrred 
in one of the so-called sacrificial mounds of Clark's Work, od North 
Fork of Paint Creek, Ross County, Ohio. This flat, bat very broad 
mound contained, instead of the hearth usually found in this class of 
earth-structures, an enormous number of fliut discs, standing on their 
edges and arranged in two layers, one above the other, at the bottom of 
the monnd. The whole extent of these layers has not been ascertained, 
but an excavation six feet long and four broad disclosed upward of six 
hundred of those discs, rudely blocked out of a superior kind of dark 
flint. I had occasion to examine the specimens from this mound, which 
were formerly in the collection of Dr. Davis, and have now in my col- 
lection a number that belonged to the same deposit. They are either 
roundish, oval, or heari^sbaped, and of various sizes, but on an average 
six inches long, four inches wide, and from three-quarters to an inch in 
thickness. These flint discs arc believed to have been buried as a re- 
ligious ofleriug, and the peculiar stmcturo of the mound which inclosed 
them rather favors this opinion, while their enormous nnmber, on the 
other hand, affords some probability to the view that they constituted a 
depot or magazine. Many of them are clumsy, and roughly chipped 
around their edges ; and hence it has been, suggested that they are no 
finished implements, but merely rudimentary forms, destined to receive 
more symmetry of outline by subsequent labor. Many of the discs un- 
der notice bear a striking resemblance to the flint "hatchets" discovered 
by Boucher de Perthes and Dr. Bigollot in the diluvial gravels of the 
valley of the Somme, in Korthem Fiance. The similarity in form, how- 
ever, is the only analogy that can be claimed for the rude flint articles 
of both continents, considering that they occurred under totally differ- 
ent circumstauces. The drift implements of Europe represent the most 
primitive attempts of man iu tlie art of working stone, while the Ohio 
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discs, if finished at all, are cert<iit)1y very roagb samples of the hand!- 
craft of a race that constructed earthworks of astonishing regularity and 
magnitade, and was already highly «b:illed in the art of chipping flint 
into varioas shapes. 

On page 214 of the "Ancient Monnments of the Mls«ssippi Yalley,^ a 
groDp of the fiint articles from Clark's Work is represented. The drawing 
exhibits pretty correctly the irregular outline and general mdeoess of 
these specimens ; yet Mr. Stevens states (Flint Chips, p. 410) that " the 
representations are not at all satisfiustory." The only fault, I think, that 
can be fonnd with these drawings is their small scale, afaolt which is very 
exeasable, considering that at the period when Messrs. Squier and Davis 
published tlieir work, (1848,) flint articles of such shape were no objects 
of particular attention ; for just then the results of the researches of 
Boacher de Perthes were first laid before the scientific world, which, it 
is well known, ignored for a long time the significance of the rude flint 
tools discovered by the indefatigable and enthusiastto French savant in 
the diluvial graved-beds of the Somme. It is true, however, that .some 
of the flint discs of Clark's Work are wrought with more care than those 
represented in the ''Aucieut Monuments." This fact may be ascribed 
to a whim of the worker or workers, who gave some of the articles a 
greater degree of regularity by some additional blows. Mr. Stevens has 
only seen specimens of this better class, for such were those which Dr. 
Davis sold to the Blackmore Museiim among his collection of Indian 
relics, and hence theauthor of "Flint Chips" seems to attribute to them 
a better general uharacter than they really possess. I learn, however, 
that Mr. Blackmore, during a recent visit to Ohio, has succeeded iu re- 
covering a considerable number of the implements of Clark's Work, and 
thus an opportunity will be afi'orded again to luvestigate the true natnre 
of these relics of a bygone people. 

The objects in question consist of the compact sUicious stone of " Flint 
Bidge," in Ohio, a locality described on page 214 of the "Ancient Mon- 
nments."* A careful comparison has established this fact beyond any 
doubt. The flint or homstoue which occurs in that region, is a beauti- 
ful material of a dark color, resembling somewhat the real flint found in 
nodules in the cretaceons formations of Europe. It is occasionally 
marked with darker or lighter coucentric stripes or bands, the centre of 
which is formed by a small nuclens of blue chalcedony; and this inter- 
nal stmctnre appears particularly distinct in specimens which, by ex- 
posure, have undergone a superficial change of color. The stone, in 
general, possesttes peculiarities by which it can be recognized at once, 
even when met in a wrought state far from its original site. According 
to Mr. Squier, arrow-heads made of this homstone have been found in 
Eeotncky, Indiana, Illinois, and Michigan. That they occur iu Illinois, 
I can attest from personal experience. 

■ More pMiionlarly in Sqnlet'a "Aboriginkl Honnmeiito of N«ir York," BoflUo, laGl, 
V- •»- „„ 
26b 
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A few years ago, when treating of the flint implements of Clark's 
Work, I was not prepared to express a definite opinion concerning the 
manner in which they were used. In tho mean time, however, I have ob- 
tained additional iiiforro^tion in relation to the class of implements under 
notice, which enables me, as I think, to point ont the purposes for which 
those of Clarli's Work, as well as similar ones from other loylities, were 
designed. In the summer of 1869, some children, who were amnsiug 
themselves near the bam on the farm of Oliver H. Mullen, in the neigh- 
borhood of Fayotteville, Saint Clair County, Illinois, dug into the ground 
and discovered a deposit of fifty-two disc-shaped flint implements, which 
lay closely heaped together. Several of them came into my possession 
through the assistance of Dr. Patrick, of Belleville, in the same coanty. 
They consist, like those of Clark's Work, of the peculiar stone of Flint 
Bidire. This I noticed at first eight, and so did Messrs. Squier and 
Davis, to whom I showed them. They resemble, in general shape, the 

Fig. 3. 



objects of Clark's Work, bnt are somewhat smaller and of perfectly sym- 
metrical outline, ha\ing a well-chipped, though strong edge ; in one 
word, they are highly finished implements, far superior to those of 
Clark's Work. In Fig. 3 I give a full-size drawing of one of my speci- 
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meD3 from Fayetteville, which is tweot; luillimetera thick iu the middle. 
Tlie slight irregularities observable in the circumference are owin;; to 
later accidental fractures. In this specimeo, as in the others from the 
same find, the edge is produced by small, carefully -measured blows. 
The edges of my specimens from Fayetteville, moreover, exhibit traces of 
wear, beiug rubbed ofif to a small degree, and this circumstance, in cod- 
nectioii with their shape, induces me to believe that they were used as 
scraping or smootlung implements. The aboiigiues, it is well known, hol- 
lowed their canoes and wooden mortars with the a^stance dt fire, aod 
the implemeutsjust described, were, as I presume, employed for removing 
the charred portions of the wood. They are well adapted to the grasp 
of the baud, and, indeed, of the most convenient form and size to serve 
in that operation. Probably they were likewise used in cleaniug hides, 
and for other purposes. The tools of Fayetteville, however, are much 
more handy than those of Clark's Work. 

The f.ict that implements made of the hornstone of Flint Bidge are 
found iu Illinois — a distance of about four hundred miles intervening — 
is of particular interest, as it shows that the material was quarried for 
exportation to remote parts of the country. It doubtless formed an ar- 
ticle of traffic among the natives, like copper, sea-shells, and other nat- 
ural productions which they applied to the exigencies of common life 
or used for personal adornment. 

Concerning North American flint implements of the European drift 
type in general, Mr. Stevens expresses himself thus : " The legitimate 
conclusion at which we may at present arrive, is that implements, inform 
resembling some of tlie European palaeolithic types, were made by the 
aborigines of America at a comparatively late jieriod, and that the peo- 
ple usually termed the ' mound-builders,' were, probably, the makers of 
these implements." (p. 443.) 

There is no sufficient ground, I think, for attriboting these implements 
exclusively to the mound-builders, considering that they occur on the 
surface, and in deposits below it, in regions where the people designated 
as the mound-bnilders are not supposed to have left their traces. In 
the States of Kew York and New Jersey, for instauce, such articles 
repeatedly have been met. 1 will only refer to the leaf-shaped imple- 
ments in possession of Mr. Cowing, which were found in New Tork, and 
are the finest specimens of that kind ever brought to my notice. That 
the people who erected the mounds made and used tools resembling the 
palaeolithic types of Europe, is proved by the occurrence of those tools 
iu the mounds; but it follows by no means that they are to be consid- 
ered as the sole makers of that class of implements. Supposing that 
the mound-builders really were a x>eople superior iu their attainments 
to the aborigines found in possession of the country by the whites, it is 
certainly very difBcult to draw a line of demarcation between the manu- 
factures of the ancient and those of the more recent indigenous inhabi- 
tants of North America. The mound-bnilders — to preserve the adopted 
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t«rm — certainly did oot stow away all their articles of Dse and ornament 
in tbe mounds, bat neL-eesarily left a great muiy of tbem scattered over 
the Bnrface, which became mingled with those of the sacceediug occa- 
pants of the soil. Both tbe monnd-bailders and the later Indiaus lived 
iu au age of stone, and as their wanta were tbe same, they resorted to 
the saaie meanB to satisfy them. Their mauafactnres, therefore, mnat 
exhibit a considerable degree of similarity, and hence tbe great diffi- 
culty of separating them. 

Yet Mr. Stereus goes in this respect farther than any one before bim. 
He is particnlarty orthodox in the matter of pipes. Those who have 
paid 8ome attention to tbe anticjaities of North America, are aware of 
tbe fiict that Messrs. Sqaier and Davis found in the mounds of Ohio, 
especially in one mouud near Chillicothe, a number' of stone pipes of 
peculiar shape, which tbey have described in the "Ancient Monuments 
of the Mississippi Valley." In these pipes the bowl rises from tbe mid- 
dle of a fiat and somewhat curved base, one side of which commnuicates 
by menuB of a narrow perforation, usually one-sixth of an Inch (about 
four millimeterB) iu diameter, with the hollow of the bowl, and repre- 
sents tbe tube, or rather the month-piece of the pipe, while the other 
unperforated end forms the handle by which tbe smoker held the Im- 
plemeut and approached it to bis moutb. In the more elaborate speci- 
mens the bowl is formed, in some Instances, iu imitation of the human 
bead, but generally of the body of an animal — mammal, bird, or reptile. 
These pipes, then, were smoked either without any stem, which seems 
probable, or by means of a very diminutive tube of some kind, the nar- 
row bore of the base not allowing tbe insertion of anything like a mas- 
aive stem. The authors of the "Ancient Monnments" called these pipes 
"monad-pipes," merely to designate that particular das* of smoking 
utensils ; It was not their intention to convey tbe idea that the mooud- 
bnilders had been unacquainted with pipes into which stems were in- 
serted. On the contrary, they distinctly assign a beautiful pipe of ttie 
latter kind, representing the body of a bird with a human head* to the 
mound-bnilders, though this specimen was not found in a mound, but 
within an ancient inclosure twelve miles below tbe city of Chillicothe. 
Befening to this pipe, Mr. Stevens says : " Squier and Davis consider 
that this object is a relic of the mound-builders : bnt it does not appear 
that any pipe of similar form, or indeed any pipe intended to be smoked 
by means of au inserted stem, has been found in any of the Ohio moands." 
TJpon inquiry I learned from Dr. Davis that mounds had been leveled 
by the plongh within the inclosure where tbe pipe in queetion was foand, 
which, he is convinced, belonged to the original contents of one of those 
obliterated mounds. Iu the Smithsonian report for 1868, 1 published 
{on page 399) tbe drawing of a pipe then in possession of Dr. Davis. 
Its shape is that of a barrel somewhat narrowiug at the bottom, and its 
material an almost trausparent rock-crystal. The two hollows, one for 

* Fig. 147 on p. iUT of tbe "Ancient Uonuments ;" Yig. 106 on p. 500 of " Flint Chip*." 
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the reception of the smoking material, aud the other for insertiDg a 
stem, meet under an obtnse angle. ,Tbi8 pipe was taken from a monnd 
near Bainbridge, £oss Connty, Ohio. Mr. Stevens suggests it bad been 
associated vrith ft secondary interment, (p. 624.) Dr. Davis,' bowerer, 
vbo is acquainted wlUi the circnmstances of its discorery, told me that 
it belonged, with varions other objects, to the primary deposit of the 
monnd. Tbns it wonid seem that the monnd-bailders confined them- 
selves by no means to the use of oue particnlar class of pipes. 

Those who advocate a strict classification of North American relics 
according to earlier or later periods, should bear in mind that mound- 
bailding was still in use— if not in Ohio, at least in other parts of the 
present Dnited States — when the first Europeans arrived, though tbe 
practice seems to bare been abandoned soon after tbe colonization of 
tbe country by the whites. Tet, even in comparatively modem times, 
isolated cases of mound-building have been recorded,* which fact wonld 
indicate, perhaps, A lingering inclination to perpetuate an aficient, 
^almost forgotten custom. Many of tbe earthworks in the Sonthem 
States doubtless were built by the race of Indians inhabiting the country 
when the Spaniards Under De Soto made a vain attempt to take pos- 
session of that vast territory, then comprised under tbe name of Florida. 
For this we have Garcilasso de la Yoga's often-quoted statement relat- 
ing to the earth-stmctares of the Indians. The Floridians, we also 
know, erected at the same period mounds to mark the resting-places of 
their defunct chieftains. Le Moyne de Morgues has left in the " Brevis 
Sfarratio" a representation and description of a funenil of this kind. 
When the mound was heaped up, tbe mourners stuck arrows in the 
ground around its base, and placed the drinking vessel of tbe deceased, 
made of a lai^ sea-shell, on the apex of the pile.t Bnt even without 
such historical testimony, tbe continuance of mound-building might be 
deduced from the fact that articles of Enropeau origin are met, though 
rarely, among tbe primary deposits of mounds. The following inter- 
esting communication, for which I am indebted to Colonel Charles C. 
Jones, wiU serve to illustrate one case of monnd-bnrial that can be re- 
ferred with certainty to a period posterior to the European occupation 
of the country : 

" I have found in several mounds," says my iuformiuit, " glass beads 
and silver ornaments, and, in one instance, a part of a rifle-barrel, which 
were evidently buried with the dead. These, however, were secondary 
interments, the graves being upon the top, or sides, or near the base of 
the mound, and only a few feet deep. Never bnt in one case have I 
discovered any article of European manufacture interred with tbe dead* 
in whose honor the mound was clearly erected. Upon opening a small 
earth-mound on the Georgia coast, a few miles below Savannah, I fonod 
a clay vess el, several flint arrow-heads, a hand-axe of stone, and apor- 

*8qiiier, AboriginiilUoDaiiieiitiof Nan- York, p. 112, iia. 

tL« U«yne, in De Brj, toI. U, Fraucoforti &d Hoennm, 1591, pi. XL. 
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tion of an old-fashioned aicord deposited with the decayed bones of the 

skeleton. This tumulns was conical in sbape, about seven feet high, 

and possessed a base diameter of some twenty feet. It contained only 

Fig. 4. one skeleton, and that lay, with the articles I have 

eonmerated, at the bottom of the moand, and on a 

level with the plain. The oaken hilt, most of the 

I guard, and about seven inches of the blade of the 
sword still remained. The rest of the blade had per- 
ished fVom rust. Strange to say, the oak had best 
resisted the 'gnawing tooth of time.' This mound 
had never been opened or in any way disturbed, ex- 
cept by the winds and rains of tbc changing seasons. 
I have no doubt but that the interment was primary, 
and that all the articles enumerated were deposited 
with the dead before this inouud-tomb was heaped 
above him. This, within the range of my observa- 
tion, is an interesting and exceptional case. I am 
persuaded that mound-building, at least upon the 
Georgia coast, was abandoned by the natives very shortly after their 
primal contact with tbe whites." 

From mound-bnilding I turn again to North American flint imple- 
ments. Mr. Stevens refers in his work to tbe absence of flint scrapers 
in tbe series from the United States exhibited in the Blackmore Museum. 
Scrapers of the European spoon-shaped type, however, are not as scarce 
in the United States as Mr. Stevens seems to suppose. The collection 
of tbe Smithsonian Institution contains a number of them ^ and I fouud 
myself two characteristic specimens in the Kjiikkenmiidding at Key- 
I>ort, New Jersey, described by me in the Smithsonian report for 1864. 
They lay upon the shell-covered ground, a short distance from each other, 
and were perhaps made by the same hand. In Fig. 4 I give a full-si7.e 
drawing of one of my specimens, both of which consist of a browu kind 
of fliut, snch as probably would be called jasper by mineralogists. The 
Fig- 5- figured specimen, it will be seen, ppssesses all 

tbe characteristics of a European scraper. Its 
lower surface is formed by a single curved 
fracture. The rounded head is somewhat 
turned toward the right, a feature likewise ex- 
hibited in the other specimen, which is a little 
I larger, but not quite as typical as the original 
of Fig. i. As the peculiar curve of tbe broad 
part is observable in both specimens, it must 
be considered as having been produced inten- 
tionally. Indeed, I have among my flint scrap- 
ers from the pilework at Rubenbausen one 
which is curved iu the same direction. In fash- 
ioning their implement* in this particular manner, tbe Indian au<I the 
ancient lake-man i)ossibly had the same object in view. 
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There is, liowever, another aomewbat different class of Korth Ameri 
can flint articles, which, as I believe, were employed liy the aborigines 
for scraping and smoothing wood, horn, and other materials in which 
they worked, or jterhapB, also, in the preparation of shins. They resem- 
ble stemmed arrow-beads, wbicb, instead of being pointed, terminate in 
a semilunar, regularly chipped edge. It is probable that they were 
partly made from arrow-heads which had lost Fife. ^• 

their points. Schoolcraft gives in Fig. 3, of 
Plate 18, in the first volume of his large work, 
the drawing of au object of this class, calling it 
"the blunt arrow orBeekuruk, ( Algookin,) which ' 
was fired at a mark." It is likely enough that 
these articles served in part the purpose as- 
signed to them by Mr. Bchoolcraft. Yet, I 
have in my collection several in which the 

ronnded edge is worn and polished, while the remaining part retains its 
original sharpness of fracture, a circumstance that can only be ascribed 
to continued use, and therefore leads me to believe that they were em- 
l>loyed in the manner already indicated. These implements hardly could 
be used without handles. Fig. 5 represents, in natural size, one of my 
specimens, which was found on the surface near West Belleville, Saint 
Glair County, Illinois. TbematerialiHayellowish-brownfiint. The edge, 
it will be seen, is perfectly Fig- '■ 

scraper-tike. Inserted in- 
to a stoat handle, this ob- 
ject would make au ex- 
cellent scraper. The edge 
of this specimen is not , 
polished, but it seems 
if small particles of the / 
edge had been scaled off V 
by the pressure exerted I 
in the use of the imple- 
ment. In the original of 
the above full-size rep- 
presentation, Fig. 6, ou 
the contrary, the curved 
edge is rubbed off to a 
considerable extent and 
perfectly polished, while the portion opposite the edge bears not the 
slightest trace of friction. This specimen, which consists of a whitish 
flint, was found in Saint Clair County, Illinois. In Fig. 7, lastly, I 
represent, in natural size, a fine large specimen, which I class among 
the implements under notice. I formerly supposed it to be a tool des- 
tined for cutting purposes, but the condition of the edge, which is rather 
blunt and hardly fit for cutting, afterward induced me to change my 




,,Goo^;lc 



408 KOBTH AUEKICAN STOKE IMPLEMENTS. 

opinion. Originally, perhape, one of those nnasnally large spear-boids, 
vhioh are occasionally fonnd, it may have been radaccd snbseqnently, 
after having lost the point, to its present shape. Yet, it may never 
have poBsessed a form different firam that which it now exhibits. This 
specimen is chipped fh>m a floe reddish flint vbicb contains eocrinites, 
I obtained it from qnanymen near West Belleville, who foand it in the 
earth while they were engaged in baring the rock for extending the 
qoarry. In conolasion, I will state that, ^nce writing the preceding 
pages, I received a nnmber of stone implements from Money, Lycoming 
Oonnty, Pennsylvania, among which there are some large scrapers of 
the Enropeau type. Their material, however, is not flint, hat eitiier 
graywacke or a kind of toagh slate. 
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DTDUN INOBiTIXflS OIT TU FiCI OF B0GK8 iLONfi eSKKH SITSB TIILIT 
IS IHB BIBBBi HSTAUi BiKSB OF KODKTilHB. 

Br J. G. Bmjrr. 

la .1850, accompanied by a party of twenty-three persons in all, well 
tnoanted and armed, I explored a mountain district probably never before 
visited by the whites. The Pi-ntah Indians, nameroos and hostile, an- 
noyed ns macb, stole a horse, and killed one of the party. I had a pocket- 
compass, a protractor, scale, anddividers, with which, taking the bearings 
of the snow-capped peaks of Shasta and Monnt Baint Jos^, or Zisssen's 
Peak, I fixed oor position UQon the map. We soon commenced descend- 
ing the eastern slope of the mosntain, following ridges and valleys throngh 
what Lassen, who was one of the party, very aptly termed "a blowu-np 
country." It is all of volcanic origin, with fissnres, extinct craters, obsid- 
ian, &&, &0. At length, descending the side of an extenuve ridge, by an 
Indian or brate trail, we reached a gnlch-head, in which was a delightful 
spring of clear water, the source of a stream, at first a mere brook, which 
after a few honrs^ ride became a considerable creek, bordered with a lox- 
nriant growth of wiUows, grass, and trees of all sizes. From near tbe 
spring commenced a volcanic rent, ninuing in a general northeasteriy di- 
rection diagonally acrossanextensiveinulined sterile plain, covered with 
sharp angular blocks of a brown plotonic rock, among which, through 
this defile, tbe creek meandered. All indications showed this to be a 
&Torite resort of Indians. Game abounded; tracksof grizzlybear8,deer, 
antelopes, panthers, wolves, &c., were Been at tbe numerous crossings of 
the stream, with several shooting-lodges of the natives, one of which I 
sketohed. We traveled at a quick pace the greater part of the day, 
in this defile, in imminent danger from the Indians, who might from the 
willow jungles, or from the top of the walls, have nnhorsed the entire party 
with their obsidian -pointed arrows. The southern side of the defile was a 
vertical wall, as of masonry; the other was irregular and broken. From 
its head the creek-bottom, having a greater decliuatiou than the general 
surface, gave the walls more height, until tbe southern one was on an 
average 20 feet Several large blocks of stone occasionally projected over 
the wall, and the top all along was very irregalar, with rocks and damps 
of cedar-hushes. But that which was the principal point of interest in 
this defile of some fifteen or tweaty miles in leogth was the fact that tbe 
sarface of tbe rock was covered with scolptured characters. (Fig. 1.) 
Tbe highest ranges of these remarkable records, some of which are cat in 
the under face of overhanging rocks, could only have been executed by 
the aid of platforms. The rock is of such a baM nature that in order to 
make similar markings we would be compelled to nse a well-tempered 
chisel and hammer. They are generally of tbe size of a crow-qnill, say 
one-tenth of an inch, but were originally greater. Some, here and there, 
were partially obliterated by the action of the elemen ts for many years. 
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The labor and time required to execute these engravingB are BufScieot 
proofof tbeir importance to the people who produced them. We at leDgtb 
came to a ragged pile of detritus, where the wall had beea broken down, 
perhaps by the action of frost, and clambered up to the plain above, from 



whence I perceived the dark line of the ravine trending away in the 
same general direction, till lost to view in a distance of about twelve or 
fifteen miles, the markings donbtless extending all the way. The same 
auouut of markings roughly executed with a brush would involve the 
labor of many painters for several mouths. The creek doubtless emptied 
iuto the northern end of a lake, which we discovered soon after, which,- 
from a delicious manna found on its banks, we named Honey Lake. 
Being greatly interested in these historical records, I could not resist 
the .temptation of copying some of them. The party proceeded, and 
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called back to me iu tbe most emphatic terms to come on, or I would be 
caught by tbe Indians. Two young meD Tolnotoered, however, to guard 
me while 1 sketched, and, with cocked rifies, watohiug the top of the 
wall, arged me to get through aa speedily as possible, making use of 



those cogent expletives found only in the vocabolaty of such charac- 
ters. It might truly be deemed sketobing under difficulties. 

Figure 2 exhibits forty-three rifles, a smnll lean horse, his ribs being 
risible, and a principal chief; stretched along the main branch of tbe 
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On tlie other side, north of the main stream, are two chieS', two: 
braves, and a good-oonditiooed hocse at rest. It is on a vertical cliff of 
fine gray sandstooe, at the foot of an inclined plane, where the trail 
mnsiDto the Talleyfrom the elevated laud dividingitftvm La Fonteuelle 
Creek. The eigniflcance of the record appears to me as follows: The 
forty-three moanted warriors had left an impoverished district, and 
descended to this valley, fhll of grass, fnel, game, &c., whereby they 
were enabled to recniit themselves and become saocessfol in their expe- 
dition. The drawing is not in proportion. The men were about 3 feet 
above the base, and not 3 feet in height. Assuming the tallest man to 
be 3 feet in height, 3 feet from ground, and the cliff 12 feet, the other pro- 
portions will be sufficiently correct-. The markings when first observed 
were almost entirely obscured with dast; bnt, with a small branch of a 
tree, I dnsted off the snrfiwe of the lovk, and copied them in rongh 
sketches in my note-book. 



Ascim Bviir IS abizosa. 

St J. C. T. LuL 

In the heart of the Pinal Mountains in Arizona, and the center of 
what is known as the Apache country, is a little valley of not more 
than 160 acres in extent. This valley is sometimes called Mason's 
Valley, after General Jno. t3. Mason, miyor of the Fifteenth In&ntiy, 
by whom, when commanding the district of Arizona, in 1864, it was 
discovered. It is a beautiful valley, with groves of luxuriant trees, 
green sward, and abundant foliage, by no means common in this 
Territory. Its altitude is probably about 5,000 feet above the level 
of the sea, and from 3,500 to 4,000 feet above the table-land, at the 
base of the mountains. Around it, to great heights, on every side save 
two passes, one to the eastward and one to the westward, rise the peaks 
of the Pinal Hountains, very abrupt and very picturesque. From the 
summit of these, for away eastward and northward, stretch, in unend- 
ing succession, mountain-peaks, cafions, and chasms. I have never seen 
so rough a conntry, and have no words to adequately describe it. 

While exploring this region, under orders from General Stonemao, 
we found in the valley described the remains of a very extensive build- 
ing. TSo walls were left standing, bat the stone foundations were distinct^ 
so that the apartments could still be easily tmced. There conid not 
have been less than twenty or thirty rooms, some of which were very 
large, and others small. The ruin was on a little eminence, or monnd 
of gravel, but whether so constructed originidly, or whether the mound 
had been formed by the foiling walls, it was impossible to tell. About 
the spot, pieces of broken earthen-ware were discovered, of which the 
acoom[KinyiQg pieces are samples. They are better finished than those 
now made by the Indians, and seem of different compodtion. By whom 
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the baildiog was erected, or by whom inhabited, I cannot dotermine ; 
-whetlier it bad beea the home of the Jesoite daring: the period of their 
restdence in this coantiy, is not clear, as the place indicates the build- 
ing to be of a date prior to that epoch ; and, besides, most of their 
baildings ore yet standing. 

The place ia bo remote and inacceiiaible that I can hardly suppose the 
Jesaits woold have reached it. And as the Apaches have held the 
region for long, long years, so long that it is looked apon by them an 
their original home, and is cettainly their stronghold, I incliue to tbu 
opinion that it is ao ancient Aztec or Toltec miu. 



TU UTSTiCK XODKD, LIXOOLN WUKIT, BiKOTA. 
By a. BiBHiNDrr, of Sioux Cmr, 

This moaud, one of the finest apecimena of arcbgeological remains in 
the Northwest, is situated in Lincoln OooDty, near the west forli of the 
Little Sionx of Dakota or Turkey Creek, nearly eighty-five miles north- 
wost of Sioax City. It issitoated on a fine bottom, and is 327 feet in length 
at the base on the northwest side, and 290 fleet on the sontheast side, 
and 120 feet wide. Its sides slope at an angle of about 50° ; it is from 
34 to 11 feet in height, the northeast end being the higher. To the sum- 
mit, which is ttom 28 to 33 feet wide, there is a well-beaten patb. It is 
composed of calcined day, which by burning has become hard and of a 
dark brick color. TowMd ite base on the northeast side there is a 
large portion of the ude bailt of soft sandstone and limestone, which 
were probably extracted from tbe large bill lying about three miles and 
a half in a northwesterly direction, as I have found a large bole iu the 
Ride hill partially filled by the caving in of the bank. At first I thought 
that it was a spur of the main ridge of hill that had been isolated by 
the action of water which in former ages rushed down that valley, as 
the cut banks on both sides of tbe creek clearly indicate ; but, on closer 
examination, I found that it was bailt of tbe above-mentioned materials. 
Wliafled to making a part of the monnd with stone, I am at a loss to 
conjecture. While examining the monnd, I discovered on its sontheast 
side a hole which bad all tbe appearance of a badger-hole ; it was abont 
18 feet from the base of tbe mound. I determined to ascertain whether 
it was a badger-bole or some inlet which in the course of time might 
have been filled up by the falling d^brit, 1 accordingly had a hole dag, 
and, after reaching adistaoceof 23feet horizontally, discovered acavity 
which was found to contain a part of tbe vertebra of an elk, several 
bones, belonging probably to the same animal, and tbirty-six broken 
fragments of pottery, together with a pile of ashes and about half a 
bnshel of charcoal, and charred wood. This cavity was nearly circular, 
aboat 7 feet in diameter, and aboat 3J or 4 feet hi^. 
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I coDJectarcd tbat at one time this cavity must bare reached the 
SDmmit of the mound, and conseqneiitly I ordered that a hole should 
be dug as nearly as possible aboTe it. After having dng to the depth 
of 9 feet, we came to within two feet of the cavity. Here we found 
several large sand-stones and a stick of oak, very well preserved, pro- 
jecting over the top of the cavity. This stick was probably used as a 
support for pot6 faung over the fire, for that the culinary art was 
practiced in tbis hole is clearly indicated by the ashes and bones 
BtrewQ around. But how this hole got filled op, I am at loss to de- 
termine. I .am sanguine that if the mound was properly explored 
some valuable relics of this industrious race of monud-builders wonid 
be fonod ; owiug to its being at a distance from the books of the 
Missouri, and the generally traveled road, it has never been examined 
by any scientific explorer. From afar it resembles a baystack, and 
hence this name was given to it by the emigrant. 

Annexed you will find a sketch, which will probably give a better 
idea of its locality and surroundings : 

Sketch of lAe Haystack Mound, Lincoln County, B. T, 




BABTH-WOBKB IN WISC01T81X. 

Bv E. E. Breed. 

Presuming that any rotes relating to the aboriginal inhabitants of 
this State would be of service to you, I submit the following. 

There is a series of pits on the northwest of the northwest section 
10, and northeast of the northwest section 10, township 25, range 15 
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east, (town of Matteson.) The pits are in an irregalar line, general 
direction from nortliwest to Boutheast, from four to six rode apart. 
Quite a number are in pairs. Tbe deptli, ae found by excavating the 
eartb that had caved in, was originally from 4 to 5 feet, diameter 3 
feet. In almost every instance tbe earth was thrown out on the south- 
west side. Soil sandy. 

A few years ago the land was covered by a heavy growth of timber, 
principally hemlock. Trees over two hundred years old grew on the 
earth that had been thrown out. The chain is broken by a small pond, 
perhaps ten rods across, but follows a sandy ridgo moat of the way. 
The site is lust such as might be selected to form a line of defense. 



K0VNDIirWI8C0I«Slir. 

By C. K. Dkan, Boscobix, Gbast Coonty, Wiscoksin. 

We have, or had, in the Wisconsio Valley, which I have seen and 
sketched in part, many curious wounds resembling animals, those of fly- 
ing birds being tbe most common ; but nothing in the shape of an ele- 
phant or any extinct animal. The most striking among my notes is one 
in the form of a man, immense in proportions, sketched twenty years 
ago at Black Earth. The other in tbe sfaape of a huge molar tooth. 
This was in tbe town of Dover, about fifty miles above us. I saw tbe 
man-mound the next day after it had been opened at the breast to the 
natural level of tbe ground, and observed that it was designed as a 
tomb and memorial of some one evidently distinguished in life. The 
tomb was made from a blue-clay, brought in balls from some distance — 
none such near — was well packed and smooth, and of full length. Tbe 
walla near two feet thick, inclosing a vacant space containing traces of 
burial of one, or ^terbaps two bodies. A few relics of little importance 
were reported — two stone hatchets, some arrow-heads, &c., which I 
did not see ; but ashes and the smell of mortality were still there. Tbe 
arms of this figure were extended north and south, each 330 feet in 
length, or about 700 feet altogether, including the width of the body, and 
the body to the east about 100 feet in length. The legs were partially 
obliterated by cultivation of the ground, but were evidently about 600 
feet long. The head was about 25 feet in diameter, and tbe elevation of 
the body above tbe surface of the ground about 5 feet. 
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ni BIG ELEPHANT MOUND IN (IBANT COUNTI, WISCONSIN. 

By Jarbd Warnbb, of Patch Qbovk, Wisconbim. 



This moimd has beeo known bere for the last tweuty-flve years as the 
" Elephant Moand." It is situated on the high saody bottom-lands of 
the Mississippi, on the east side, aboat eight miles below the mouth of 
tbe Wisconsin Kiver. There are on each side of the monnd, some fifteen 
to twenty rods distant, sandy, fcrassy ridgea, some 16 feet higher than 
the land about tbe monod; the inoaud is, therefore, in a ahdlow valley, 
sloping gently to the Mississippi Birer, and only about S feet above 
high water. Its total length is 135 feet ; from hind feet to back, 60 
feet ; from fore feet to back, 66 feet ; width across fore lege, 21 feet ; 
across hind legs, 24 feet; from end of proboscis or snout to neck or 
throat, 31 feet ; space between fore and bind legs, 51 feet; from end of 
proboscis to fore legs, 39 feet ; across the body, 36 feet ; general height 
of body above surronuding ground, 5 feet The head is large, and the 
proportions of tbe whole so symmetrical that tbe monnd well deserves 
the name of the " Big Elephant Mound." 

The flgare is from a drawing taken on the ground, in company with 
Alex. Paul, J. C. Orr, and J. C. Scott, in October, 1872. 

Is not the ezistenee of such a monnd good evidence of the contempora- 
neous existence of the mastodon and tbe monnd-bnilders, and also of 
tbe very small change, if any, of the present bed of tbe Mississippi 
Hiverf 

There are many monnds in tbefonn of animals in this section of conn- 
try which I have seen within tbe last thirty-five years ; namely, in tbe 
shape of birds, bears, deer, foxes, and men, the latter with legs only to 
the knees. 
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AVCIEITT BEL1C9 K XORTHTrKSTBBlT MWl. 

By J. B. CDTT8. 

During a recent joarney over Northweatern Iowa I foojid some frag- 
ments of ornamented potterj-ware under circumatnnoes of snfflcient; 
inteieat to induce me to forward to you a brief account of them. I 
obtitined these fragments from abont three feet below the sarface of the 
groond, on the banlit) of Little Sioux River, in township 93, range 39. 

The valley of the river is about one mile in width between the line of 
bluffs on each side, and through the middle of this valley the river has 
cut its present channel, leaving a terrace on either side, the level of 
which is from 10 to 12 feet above the water, 

A section of the bank presents a grayish clay at the bottom, covered 
by 6 or 8 ieet of alluvial soil, free from rocks or gravel, and composed 
principally of transported loess. In this upper deposit I excavated and 
obtiiined in the course of half an hour nearly half a peck of fragments, ' 
in pieces from the size of an inch to several inches square, and ft-om 
one-eighth to one-half an inch in thickness. Id many cases these irag- 
meuts were ornamented on the outside surface by cross and parallel 
lines and indentations, the whole exhibiting considerable skill in fash- 
ioning the material, as well as taste in its ornamentation. There were 
evidently vessels of various size and degrees of ornament. They were 
found, as before stated, about 3 feet below the surface. First, at the 
bottom, occurred a row of stones, each about the size of a mau's fist, and 
arranged in the form of a circle, as is often done in bnilding fires to boil 
one's coffee in the opeu air. From the center of this circle I obtained 
several pieces of charcoal of the size of my thumb. Above this circle 
of rocks were found the pieces of jjotterj', and above these the bones of 
animals, which my companion pronounced to be those of the buffalo, elk, 
and beaver. The order of arrangement at once suggested a Are built 
within a small circle of rocks, on which rested the pottery vessels filled 
with the fiesh of animals, either for ordinary cookery or as a part of 
that Indian custom which supplied the dead with provisions for their 
long journey, the whole being then covered with earth, the weight of 
which has broken the vessels and pressed itself into ever; interstice, 
but lefc the order of succession plain. I could find no human remains 
during my brief examination ; no traces of mounds or Indian residence 
in the neighborhood. 

The depth below the surface at which these articles werefonnd forbids 
the supposition of their being of late date. 

The country has been settled by whites only witlim five or six years 
past 
27 s 
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HOVHDS NKAB ANXl, |l<J10!t COVSTT, ILIIXOIS. 

By T. M. PBRRra. 

Tfae most extensive works of tbe monod-bailders in tbis cooDty are 
situated in the Alissieaippi bottom, fifteen miles from Anna. At tliat 
poiut tbe creek makes a bend resembling very mnch in sbape a horse- 
shoe, which renders tbe place rery favorable for a defeosive work. The 
earthwork follows the bend ia tbe creek, and is, at this time, aboat 4 
feet high. The entrance to the incloanre is on the south side, with a 
large obloDg moQiid iu front of tbe opening. This mound is about 30 
feet by 50, and about 30 feet high at the highest pbiot, with a depres- 
sion in the center, which makes it appear in profile like a doable mound. 

West of this mound, a short distance, is a round mound about 30 feet 
in diameter and 15 feet high. The earth-work incloses about twenty 
acres. Within tbe area of the inclosure there is another mound cover- 
ing about two acres, which is evidently a sepulchral remain, as a large 
number of skeletous have beeu found in it, none of them perfect, how- 
ever, though the earth is compact and dry. The skulls are very large, 
but fall to pieces on being exposed to the air. One skull has been foand 
that would have measnred 36 inches in circumference. Tbe skeletons 
in this mound were all carefully inclosed with flat stones, each skeleton 
being separate. 

Tbe other mounds appear to have been used for another purpose, 
probably for defense, as nothing has been found in them. Half of the 
inclosure, as well as all the mounds, are in a cultivated field. Tbe round 
mouod to the west of the opening and part of the earth-work are in the 
woods, and covered with large timber. In the sepulchral mound are 
found pottery-ware, and stone and flint articles, but no metal or bone 
implements. One mile northeast of this, on a high beach-flat, and over- 
looking a lake, is another sepulchral mound, but no earth-work. In this 
mound nothing was found with the skeletons. This, like tbe former, 
has stone around each skeleton, but tbe grave is not more than 3 feet 
long and IS inches deep. The body must have been buried with tbe 
feet drawn up to the trunk. 

Five miles north of this there is another mound, on the top of the 
highest hill in tbe vicinity, and bordering on Bluff Lake. Nothing has 
been found in connection with this except two or three copper rings — 
no skeletons, although indications are that it has been used for banal 
purposes. 

About one and a half miles northwest of the last-mentioned monad 
there is another sepulchral mound, but as it is in a cultivated field it is 
now very nearly level with the surface of the ground j but only recently 
have any skeletons been found in it, which tends to show that they were 
buried in the bottom of the mound and are brought to light every 
year as the plow removes some of the stones placed around the graves. 



mzecDy Google 



UNION COUNTY, ILLINOIS. 419 

The pnrts of skeletons fonntt here are very long. The skulls cmmble at 
the slightest toneb, but the thigh-bones can be bandied, with care. 

About five mitea north of this are other mounds, located on the banks 
of Banning Lake. There are foar mounds in this group, but only tvro 
have been opened. Some years ago it became necessary to build a 
bridge across the lake at the site of the mounds. The dirt for this pur- 
pose was taken ftY>m two of them, leaving about one-half of each. The 
^eletons appeared to be scatt©re<l promiscnously through the earth 
composing the mounds, and do atones were placed around them. These 
mounds are formed of black sand and gravel mixed in with pieces of 
shell. There are also found pottery-ware, stone and flint spear-heads, 
stone ases, &c. The pottery has been in the ground so long that it is 
almost impossible to preserve it. 

Between these mounds and those five miles south appears from the 
remains tu be what was once quite a settlement, which is now, however, 
covered with a dense forest of large growth, as well as the crumbling 
trunks of trees half bidden in the acoumulatiug soil. 

In Pope County, in this State, and about fifty miles east of this, there 
is another very interesting earth-work. It occupies the summit of the 
highest hill, very steep, and with bnt one approach, and this is pro- 
tected by a stone and earth embankment across a narrow neck. The 
defenses consist principally of stone work. Some of the stones are very 
large, and yet have been brought from some other point, as none of the 
same formation are found in this hill. Of .course nothing like a true 
wall now exists. This remain is known as the stone fort. 

Within li mile of this place, and on a high ridge, are two sepulchral 
stone circles, but nothing has been found in them. They are evidently 
very ancient. 

Since writing you I bare made another visit to the mounds in the 
" Mississippi bottom," and as I have obtained some rather interesting 
additions to what I communicated before, I have concluded to write 
again. We first opened the mound described as the large mound in 
front of the opening of the earth-works. It was my intention to have 
dug a ditch through the mound, but the weather was so warm the men 
could not endure the work, so I commenced by sinking a hole in the 
center where the depression which I mentioned exists. After going 
down about three feet we came to what looked like a chimney made of 
sunburned brick, and on removing some four feet of this we came to 
the foundation. We then ditched both ways, east and west, and came 
on one side to a wall, on removing the earth A-om which, we found it to 
be arched. The arch appeared to have been formed in three layers of 
stone with a layer of grass between each, but looked as thongh it had 
been exposed to fire. At the bottom and around the chimney there ap- 
peared to have been placed a matting made of cane, bnt not firm enough 
to be moved only in small particles. Here we found earthen pots re- 
spectively of the capacity of one, one and a half, and two gallons ; the large 
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pot was DD fortunately broken in removing it. I also fonnd an image, 
, but differing from the other one I found ; this one is hollow and holds 
half a pint, with a good face aud a fine bust. It is evidently intended 
to represent a woman with the arms hanging on the 8id% and the hands 
folded across the abdomen ; the opening is on the back of the head. I 
also fonnd a email ornament of rocfe crystal threefonrths of an inch 
long, with a small bole through one end ; in color it is a beautifnl pnrple, 
and perfectly translucent. This mound, I am auder the impression, 
was a dwelling-place, from the fact that nothing Indicated that it has 
been used for anything else. Furthermore, we found under the arch a 
large quantity of charcoal, which appeared as if it had been burned in 
the place. The arch, we ascertained by digging holes, run through the 
mound fh>m east to west, and is about six inches thick. I have no 
doubt but that this is quite an interesting mound, and if properly ex- 
amined would show mnch relative to the habits of the mound-builders. 
I forgot to mention that I found one of those stones with a hole 
through it, known in this vicinity by the name of " tool-stones ;" it is 
about two iucbes in diameter. I also fonnd three bandaome flints. 



l!rCIE!rT HOCNDS IN KKNTVCEY. 

By Dr. Robert- Peter, of Lexinqtok, KENTttCKT. 

I have the pleasure to forward to the Smithsonian Institation, by 
Adams Express, to-day, a small box, containing a portion of the relics 
found by my sons and myself in the small ancient mound which we 
opened ou the I9th of October last, to wit : Some of the red earth in 
which the relics were imbedded, with fragments of much-decomposed 
bones, charcoal, &c., a onmber of Jtint implements of various shapes, 
portions of ao/t sandstone which seem to have been used for grinding or 
polishing implements, a broken door-buttonskaped article of the white 
compact sulphate of baryta, fouud here in veins in onr Umestone, aud a 
rude pipe which has been made of soft sandstone. 

The mound is about fifty feet in diameter, not rising in the center 
more than three feet above the general surface of the woodland pasture 
in. which it is located. Trees as large as any in the woods around grew 
on the mound, which seemed of sub-soil earth thrown np on the natural 
surface. 

The flint implements were mostly found arranged in an elliptical 
figure, they being laid end to end, overlapping each other. 

A little rude, copper bead was found lu the earth, which seemed to 
have been accidentally dropped there. 

This mound is on the farm of Mr. Jer. Tarlton, close to the boundary- 
tine of the farm belonging to myself. It lies about a mile from the other 
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small monnd, on the farm of Mr. G. Fisber, (on North Elkboru Creek,) 
flroin wliich we obtained the copper articles, &c., last forwarded by me, 
and is one of the series of ancient works mentioned in my communica- 
tion published in the Smithsonian report for 1871. 



HOUXDS IX BARTOW COUXTT, NBAR CARTBRSniLE, OEOReU. 

By M. p. Stephenson. 

Tlie most extensive and perfect series of tiimnli esist in Bartow 
County ou the Etowah Eiver, near Oartersville, a sketch of which I 
Bend jou : 




A, 1»i^ moand, 88 ft.'et high. B, circnlaT mound, 6!t fuot high. C, pcatagoual 
moDnd, 25 feet high. D, escayation of an acre. F, montide. I, terrace, 20 feet high 
P B, mounda oatside. T, cioBBiagg. Area inclosed by ditch and xiiet, fifty scrw. 

It consists of ten moatida, sitaated in the bead of the river, and pro- 
tected from attack on the land side by a moat, TOhich is from 20 to 30 
feet dc«p, and donbtless was once filled with water. The central moflnd 
is sqnare, and measures 150 feet on top,* with raised platform on the 
east side 20 feet high and 40 wide; probably sacrifices were offered 
here, as an idol of sandstone was plowed np at this place, with 
excavated disks or mortars, 6 inches in diameter and of translucent 
qaartz, of elegant workmanship; also a stone ax, a small native copper 
vessel, a perforated marzenella shell, (which is found in all the mounds,) 

' It is not ez.ictlf a qnadrangle, hot the north aide ia 160 feet, the eastern aide 160 

feet, Boutheustem side 100 feet, soutbeldeSO feet, and the western side 100 feet. 
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a mica mirror, and the only gold beads ever met wiLb — nj.tive gold 
being foand in the ueigbborhood. This mouiid is 88 feet bigh, and a 
few rods from it is a circular one G5 feet bigb, which twenty years ago 
hud a parai>et on top 5 feet high. The remaiader are small and only 
about 20 feet bigh. There are two excavatioos an acre square, as deep 
as the moat, from which earth was probably obtaioed to raise the 
mounds. 

The valley and country for twenty miles westward and northward is 
very fertile, and exhibits evidence everywhere of having been deosely 
peopled by the mound-builders. 

At the fulls of Little Kiver, near the Alabama line, on the crest of the 
fall, are three chambers hewed ont of the solid sandstone, and at Na- 
coochee the crest of a conical bill is ent off at about 50 feet, so as to 
embrace an acre and a half; on two sides this is quite precipitous, and 
on another a ditch aud wall, which formerly was 6 feet bigh, inclosing 
20 acres, used by De Soto in tbe battle he had with the Oberokees in 
1540, which is proved by the relics fouud. 

At Macon are stupendous remains, as also in Campbell County on 
the Chattahoochee. Amijng these is the Toud Mountain, 4,000 feet 
high, of solid granite ; it is a cone crested with trees, nearly perpendicular 
on all sides except at one place, which was walled with stone: Also 
the Stone Mountain, which is without vegetation — 2,300 feet bigh — a 
cone, aud accessible on one side only. This was hailed with stone. 
All defensible mountains in this country were forti&ed. Neither tbe 
Cherokees, Creeks, nor Seminoles had any tradition of tbe extinct race, 
which is proved to have been a powerful uation, from the extent of 
their territory and tbe stupendous character of their fortifications and 
cemeteries. 



HOl>'DS iN (iEORGIl. 

Bv William McKi>-ley, Millehgevjixr, Ga. 

There are many groups of mounds in Georgia, an account of which 
would be of importance to tbe arcbceoiogist to bai'e permanently re- 
corded. With this view, I send yon an account of mounds on Sapelo 
Island, Mcintosh County. 

South of High Point there are three Dwnnd-urclcs, having plain areas. 
2Jo. 1 is 240 feet wide; 9 feet high; base, 30 ftet; no gateway; built of 
earth and shells, densely overgrown with live oak, palmetto, myrtle, 
grape-vines, which perfectly mask it; western side built aloug tbe very 
edge of tbe table-land, so as to front a salt marsh and Mnd River as 
a wall 20 feet high ; on the north, skirting a freshwater dag aud bul- 
rush marsh or stream, 150 feet wide, separating it from circle Ko. 2, 
which is 210 feet wide, in an open field long cultivated ; mound now 
rising .I feet on 20-feet base, composed of shells aud earth ; area plain. 
Circle No. 3 is 150 feet wide, Just like Ko. 2. 
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These circles are surrounded by hundreds of shell-mounds, about 3 feet 
higb, on bases of 20 to 50 feet, which crowd, without visible order, a field 
of one liandred acres or more, bounded on the west by salt marsh and in- 




land salt river, and on the cast by freshwater jungle. On all these sbell- 
moands and over all this plain are found fragments of Indian pottery, 
both plain and ornamented. No funeral mooiids are nearer than three 
miles. The shells are all of mollusks yet living in the neighboring waters, 
the oyster, clam, couch, scallop, &c,, which fact, and the broken potterj', 
show plainly that these shell-monnds, indicated by dots on the map, in 
countless number, are ancient camps of the ludians or monnd-builders, 
where they dwelt, while the three great mound-circles were doubt- 
less for councils or games. The big circle, yet perfect, was probably 
the " pon-wow" or state house, and place of torture of captives, "chnnk- 
yard" of theUchees; it was certainly the most important; while the 
other two were perhaps for dances and athletic sports and games. These 
three circles and this field of thickly set, countless sbell-monnds, are on 
the west shore of Sapelo Lolaud. The cemetery or funeral mounds are 
found far ott^ — three at Kenan, six miles southerly ; one very large one 
at " Druid Grove," or " Spalding," ten zniles off; and two on the eastern 
shore on liinck beard's River, three miles off. None others are known ; 
bat very much of the iuterveniug central part of the island is impene- 
trable palmetto thicket, and it is possible other mounds exist in this 
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thicket These cemetery-mouDils aie very aocient. Sapelo Island is 
famous for its wooderfal moss-hung live oaks; but the largest bodied 
tree on the island, one over i feet in diameter at the stamp, and 7 feet 
in height, to just below the first fork, grows ou top of the biggest 
bnrial-mound at the place marked "KeDau." Cousideriug the great 
compactness of live-oak, this tree is probably six hundred years or more 
old. How old, then, is the mound t It is yet about 8 teet high, on a 
base of 50 feet diameter, a little elliptical, situated in an open field, and 
covered with live oak and cedar. 

The big mound on the east side, at Bobone field, (negro cormption of 
Bourbon, as the old French colonists oilled it,) is yet 9 feet high, or 
more, 70 feet in diameter, and is circular in form. The negroes report it 
full of pottery and men's bones. I hope soon to send yon si)ecimeus of its 
pottery and implements. It stands on the inland tide-marsh side, near 
the south end of a field of seventy-five acres, the entire surface of which 
field is dotted and white with hundreds of shell-mounds, from 2 to 4 feet 
high, and from 15 to 50 feet base. Broken pottery and broken stone imple- 
ments from the far-off mountain quarries are found here, as at the circle- 
monads on the west shore; but, so far, not a weapon of fight, or of the 
hunter, of any sort, large or small, has been foand on Sapelo. I find the 
tanner's tool, but no weapon of death. This l^ct is very remarkable. 
Ou the mainland, in the hill region of Middle and Upper Georgia, almost 
every acre has its ancient stone weajtons, its arrow-heads, javelins, dirks, 
Blung-shot, or battle-axes ; but the ancient fisbermen of Sapelo — its for- 
gotten mound-builders — either bad no weapons of war, or they were not 
of stone, and have perished. At least none are fonnd or heard of now. 
If any ever existed there, they must be buried in the mounds. How- 
ever, I will soon know, as my yoong friends on the island, and Mrs. 
Spalding, all of whom enter anieutly into my esplorations, will, in the 
course of this ^ar, get the negroes to open the mounds, and will send 
me the relics for the Georgia department in the museum of the Smith- 
sonian Institution. 

In the meanwhile I will procure a sun-ey of the monud-fields of South- 
western Georgia, as you request; and perhaps, too, of the chain of 
Ockmulgee mounds, which are very large cones. 

The two groups of mounds which I have had surveyed by James N. 
Evans, at the expense of the lustitntion, are in jEarly County, Ga. 
One group is near Kolee Mokee Creek, and the other at Diy Creek. 

The following is a representation from actual suiTpy of the position 
and form of the mounds and earth walls on Kolee Mokee Creek, in Early 
County, Georgia. They are principally on a plantation now occupied by 
Wr. A. J. Mercier. I say principally, because the eastern portion of the 
walls extends over on to the plantation of Judge Joshua Harris. 

In the investigation of these ancient remains we began by measuring 
the large pyramidal mound, which we found of the following dimen- 
sion: Oircamference, 1,128 feet ; lengthof base, 360 feet; width of base, 



211 feet; length of plane of summit, 181 feet; width of plane of Bnm- 
mit, S2^ feet; sloping side, a little diagonal, 125 feet; estimated height 
of pyramid, 95 feet 




The plan of the base, and also that of the summit of this iivnimid, 
may be said to be rectangular, their length and breadth being !is Ktated 
above". The direction of the longer Bide of the mound is N. 10° W., 
varyfug only 10° from a dne north and south line. At the south end of 
this pyramid there is a pit from which it is supposed the earth ot which 
the mound is composed was originally excavated. A well has been at 
some time sunk into about the center of this mound to a consider- 
able depth, probably in search of treasures, but apparently without suc- 
cess. 

Starting from the middle of the western side of the base of the pyra- 
mid and running S. 81° W. 14 chains, we arrive at a conical mound, 
which I have denominated No. 2. The circumference of this mound is 
210J feet; the diameter 72 feet; the sloping side 43^ feet; the hei{;lit of 
axis of cone 24 feet. From the west side of mound i^o. 2, running S. 
SC° W. 23 chains, we come to mound Ko. 3, which has a diameter and 
a height nearly the same as those of Ko. 2. At a distuuce of 17 chains 
from the western base of mound No. 2 we come to the inner wall, or 
breastwork. Commeuciug at the eastern terminus of the sonthorn wing 
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of the wall, tbe courses and distatices along it to a bastion marked 
" Mercier's burial ground/ are aa follows : S. 84° W. 15 chaias ; N, 84° 
W. 5 cliains ; N. 51° W. 4 chains ; N. 4(K> W. 4 chains. From this bas- 
tion to the other bastion there is uo appearance of a wall. 

From bastion No. 1 to bastion No. 2, the direction ia S. 15° W., 
distance 7 chains. From bastion No. 2 the courses and distances along 
the northern portion of tbe outer wall to Kolee Mokee Creek are aa fol- 
lows : N. 10° E. 5 chains ; N. 23° E. 4 chains ; N. 56° E. 7 chains; N. 
52° E. 15 ehaiua ; N. 67° E. 17 chains ; E. 29 chains to the creek. 

The southern portion of the outer wall has its starting-point near the 
soatbern or No. 1 bastion, which is not jiaraliel with tbe inner wall, but 
runs as follows: S. 11J° E. 10 chains; S. 10° E. 10 chains; 3. 17° E. 
5 chains ; S. 30° E. 7 J chains ; S. 42° E. 8 chains ; E. 10 chains to 
its tertoinns. The wall in the woods is a little more than 1 J feet high — 
that in the plantation not exceeding 15 inches, the former haviug been 
protected from the effects of cultivation. The base of these walls is 
at present about 30 feet wide, probably much greater than they for- 
merly were. They very gradually slope from base to middle. One of 
tbe oldest citizens in the county tells me that he bas seen these walls 
when they were at least donble the height ; they have gradually de- 
creased in elevation and increased in breadth of baso. I have also 
been informed that some of the ftoial bones of human skeletons have 
been taken from one of the mounds in the Mercier plantation, which are 
said to have been much larger tbau those of our own race, leaving the 
inference that the mound-b nit dors were almost of a giant stature, 
but this tradition may be the result of the natural tendency to indulge 
in the mar\'elous. 

While engaged in the field-work I noticedalarge number of fragments 
of carved ware and arrow-heads along the line of the walls and abont 
the mounds, both on Kolee Mokee and on Dry Creek. 

The following sketch represents a piece of land on Dry Creek 
known as the Walnut Fork, on which are situated ancient mounds in 
great numbers. The area of tbe whole lot is fifty -one acres, and is of a 
triangular form, bounded on tbe east by the swamp-ground of Dry 
Creek, and on the west by a ditch which was once occupied by a small 
stream emptying itself into Dry Creek. The portion of this lot which is 
occupied by the mounds consists of about twenty -one acres. 

The mounds are eighty-three in number, although some of them are 
now not very distinct. To give a minute description of each of these 
small mounds would occupy considerable space, and add but little to the 
interest of the subject. It will be sulScient to say that they vary in 
height from that of a few inches to 10 feet, and in diameter from 15 feet 
to 100, there being a single one of the latter size, but most of them are 
from 30 to 40 feet. Nearly all those of medium size are parapeted. 
The largest one and some of tbe smaller are convex on the top, while 
others are concave or level. They do not appear to have been arranged 
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ID accordauce with any definite ptaii, but are scattered abont promis- 
caonsly ou the northern boundary of the lot. Several mounds are situ- 
ated ou an east and west line. 




It will be seeu by a reference to the diagram that there is a spring 
marked ou it, and that there la an open space free of mounds between 
this spring aud a pond to the west of it. We know not for what this 
open space was intended, but there cannot be any doubt that there was 
a design in the arrangement. It may have been used as a parade- 
ground or for games. From the fact that human bones have been 
exhumed from some of these mounds, we are led to the couclnsion that 
they are places of sepulcher. The great pyramid of Eolee Mokee is the 
only one of this form in Georgia, while the large mound of Dry Creek 
is entirely unique in all its main features. It is evidently a mound of 
sacrifice. A little stone idol was found on it. The site of this group 
of mounds is covered with a grove of black-walnut trees 100 feet high, 
and the mounds themselves are hidden in the depths of the almost im- 
penetrable swamp, so as to be wholly unknown, until lately, even to 
the oldest inhabitants of the neighborhood, 
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I liave tbe pleasure of reiwrtiug further collectiouB of relics — weapons, 
mortars, tools of art, perforated stone implemeots of extreme hardness, 
perfectly bored witb a spiral auger } arrow-beads of jasper, obsidian 
rock crystal, bornstone, and moss-agate; and, last and best, to-day I 
have obtained from tbe Oconee River swamp a funeral urn, like those 
of JapaD, witb a close lid, 14 inches bigU by 12J iucbes middle diameter, 
containing human relics, very discernible fingers, bones, &c., which soon 
moldered away after exposure to the air. Tbe urn, which is of clay, 
is covered all over with elaborate etchings of what I take to be written 
characters. The lid was left in the swamp, but will probably be fonnd, 
and come to me sound or broken. When m j collection is more increased, 
I will send all my specimens for the Georgia department of the Smith- 
sonian Institution. 

Id regard Co tbe discovery of the nru which I have mentioned, allow 
me to congratnlate myself an a collector, bat I beg you to inform me 
whether my exaltation is unreasonable. Am I right in thinking that 
"funeral urfis" have not before this been found in tbe United Stat^t 
I think I have fonnd a rich field and a new one for discoveries of this 
kind. 



LNDIAlt RRHilNS FODItD 89 FEET BELOW THE SURFACE, JfEAB WALLACI 
LAKE, IN CADDO PARISH, 10V18IANA.' 

Br T. P. HoTCHKiss, of SaitEVEPOKT, Louisuma. 

In July, 1S62, W. H. Watdrum, while engaged in digging a well on tbe 
edge of Post-Oak ridge, one and a half miles from Wallace Lake, after 
passing through the thirty-two feet of earth came npon an Indian grave. 

First. — Description of strata from surface to grave. 

1. Soil about 4 feet like post-oak soil, hot mixed with some sand trom 
washings of bill-side. 

2. Red clayey earth, which, dissolving almost as freely in water as 
sugar, and of near the same specific gravity when iu suspensioD, ex- 
tended down to the leafy deposit. This red deposit underlies nearly all 
this country, extending to the very sources of the river, usually imme- 
diately under the soil, and famishes the coloring matter of Red River. 

3. Mushy, rich ground, mixed with ondecomposed leaves and 
branches of trees. 

4. Small niusclc-sbells mixed with a sandy deposit for 5 or 6 feet 
In this deposit were found tbe bones and darts placed side by side, with 
a sliplit lap, tlic points directed from the body. The largest ape.irwas 

* Now in the Kutioual Museiuu, WoehiDgton. 
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llj inches in length, 
pare fint-rock. 
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Tbey were four in onmber and ^rrongbt from 




Second. — Description of strata below the grave to depth of the well, 

1. Immediately below the grave a red deposit, like clay, 20 feet. 

2. Then four feet through white clay. 

3. And remainder of the distance throngb bine clay, until wat«r was 
found 71 feet below the surface. 

The ancient crockery, &c., I send yoa was found one and a half miles 
above 8hreveport, in Bossier Parish, at a cut-off made in Bed Biver by 
the swamp-land commissioner iu 1859. 

Eighteen feet beneath surface, throngb Bed Biver soil to the deposit 
— which underlies ail tbe red soil of the valley — the washing of the river 
has exposed a large bnrial-gronnd, containing numbers of remains of 
bodies and of articles buried with tbem, such as implements of cooking, 
jugs, plates, &c, of a peculiar workmanship ; also, remains of some- 
thing, supposed to be a tnrtle. 



■0UND8 IK LOUIBIAKi. 

By Prof. Sahcel H. Lockett, of the Luuisuka State UtnVEiiarrY, Baton Rottob. 

While prosecuting my topographical survey of Louisiana this summer 
I visited, near Jackson's Ferry, four miles south of Floyd, on Bayon 
Msfon, some very remarkable Indian mounds. Six of these are within 
a mile of Mrs. Jackson's. Four of them are almost perfect ; tbe other 
two are partly destroyed by tbe caving of the banks of tbe Bayon Ma- 
9on. They are connected with each other by a levee or narrow embank- 
ment of earth, making a nearly semicircular figure. There are two 
much larger mounds nearer to Floyd, one on Ur. Mabin's, and one oa 
Mr. Motiey's land. The latter most be between 20 and 30 feet in beigbt. 
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On tbe sides of all of the moands, and in their vicinity, are found 
great numbers of relics, such aa human bones, arrow-heads, " plamb- 
bobs" very perfect in form, and immense qoautities of broken pottery. 
Many of the pieces of pottery are highly ornamented. From the quan- 
tity of pottery, I imagine tbero raust have been a ftietory of this wai* 
in tbis locality. Excavations would in all probability reveal some very 
valuable and interesting specimens, and I think it should be done by 
one accustomed to searching for archaeological remains. 



PBB.BISTOBIC BEMAIKS FOUND IN THE TICINITI OF THE CITT OF WASH- 
INGTON. D. C. 

By T. E. Pbai^ 

The positions chosen by the ancient inhabitants of this coantry for 
their temporary or permanent occapation were generally at the mouth 
of smaller streams emptying into larger ones, or on jutting points of 
land favorably situated for hunting and fishing, and which could be 
readily defended against the attacks of an enemy. Wherever such 
places occur, in almost any part of the United States, remains of the 
ancient inhabitants are to be found in greater or less numbers. These 
remains are, as a general rule, more numerous on tbe border of fresh- 
water streams in the interior of the country than on the coast, which 
appears to have been visited periodically for fishing in the intervals 
perhaps of tbe hunting seasons and those of tbe culiivatioo of Indian 
com. The stone implements may also be fonnd in less numbers along 
the southern coast, because the minerals out of which they were fabri- 
cated do not exist on the sea-board much sonth of tbe latitude of the 
city of New York. 

Tbe site of tbe city of Washington, and its vicinity, must have 
been a favorite locality for at least the temporary residence of the 
ancient people, since the remains of their implements are found in 
great numbers at different points, especially along the river. It does 
not appear that the implements were manufactured here, as heaps of 
tbe debris or cbippings are not met with, ns in other localities. It is 
probable, however, that some of the arrow-points were made here, for 
though the material of which they are composed is not found in place, 
yet they occur in sufficient quantity in the bowlders of the northern drift, 
which appears to be terminated in the interior of the country, in about 
this latitude. That part of tbe city on which tbe arsenal stands, called 
Greenleafs Point, was evidently a camping ground, since numerous 
specimens of arrow-heads and other perfect articles have been found 
in this locality. The point of land at the mouth of what was called the 
Tiber, near the Washington monument, is another locality on which 
specimens of the kind in qoestion are found. But I tiave found the 



WASHINGTON, D18TEICT OF COLUMBIA. 431 

greatest namber of these implements on the west side of tbe Potomac, 
directly opposite tbe city, along tbe shore from Analostan Island to tbe 
Long Bridge. Tbe nnmber of remains fonud here is supposed to war- 
rant tbe conclusiou ttiat tbis was a favorite resort of the ancient people. 
From Aualoatau Island to the Long Bridge, the remains of pottery 
and stone implements are snffioiently numerous to warrant the con- 
clnsion that the whole space was occnpied, either at once or at many 
times, as a oontinuons town. This space, which now forms a part of 
tbe main land, was apparently once an islancl. 

Another locality which exhibits abundance of remains is at tbe 
Little Falls of the Potomac, about five miles above the city. At this 
place, on either side of the river, on tbe rising ground, the implements 
are found. They consist of arrow-heads, batchets, chisels, and earthen 
ware. This locality was probably resorted to for flsbtng, as it is at the 
present day. Tbe fish, ascending tbe rapids in tbe spring to deposit 
their spawn, were readily eaoght by tbe spear, tbe net, and the line — 
the ase of the latter being indicated by tbe nomber of stone sinkers 
which are fonod. 

Tbe materials of wbioh the stone implements are formed consist of 
quartz, jnsper, and slate or bom-stone. The latter is not found in this 
vicinity in place, bat in tbe drift. At least four-fifths are of quartz. 
The arrow-heads, as usual, are of two kinds, one apparently for war, and 
the other for tbe chase; tbe first is of a triangular form with a re-en teriug 
angle at the base, by which it was attached to tbe shaft in a notch at 
tbe end. Tbis form of arrow was adopted in order that wheu tbe shaft 
was withdrawn from tbe wound, tbe arrow-head might remain. 
The other arrow-head is also of a triangular form, with sides 
slightly convex, but terminated at the base with a projecting point 
forming two notches, one on each side, by which it was permanently 
attached by thread, probably of sinews, to the shaft. The second form 
of arrow-head is by far the most numerous. Besides the arrow-heads, 
there are found many of the fragments of quartz which are in reality 
perfect instruments intended for cutting, carving, &c. When these are 
critically examined they are seen to bare a cutting edge or a point 
carefully worked, while the opposite side is left rongh to be inserted in 
a handle of wood or bom, which completed the perfect instrument. In 
some of the specimens there are notches on tbe upper side of tbe knife 
or chisel by which they could be more securely fastened to the handle. 
Tbe other implements, hatchets, adzes, chisels, aud hammers, are usually 
made of trap-rock, which is found among tbe bowlders of the drift;. Some 
of these are polished with care. Pestles of the same material are also 
found, though these are not as numerous as in other localities, particu- 
larly in those of Pennsylvania. 

Fragments of pottery occur of porous clay, hardened in the fire, and 
almost in all cases ornamented with impressions of tbe corn-cob, indicat- 
ing tbe use of tbis article of food at an early period, and marking a 
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point Id tbe oivilizatioQ of the people, the fragments have never been 
found of anfflcient size to indicate tbe orig^inal form of the Tessel. 

In this connection it may be stated, in relation to the large shell-heaps 
which are found along onr coast, that it is probable the; were formed 
by periodical visitora who annually resorted to the sea-^ore for a sup- 
ply of sbeil-flsh for food. It is said that within the historic period the 
Indians on the coast of New Jersey were in the babit of opening their 
oysters and clams by the aid of fire, and of drying tliem on strings for 
wiuter food. A custom of this kind voold aocoaot for the remains of 
pieces of charred wood which are found in these heaps without 
adopting tbe hypothesis that they were the sites of kitehen mceddings. 
These heaps were the result, perhaps, of thousands of years' accnmola- 
tion. 

It may also be remarked that on high gronnd I have generally fonnd 
no other implements than those which were used for the porpose of war. 
This would appear to indicate that they wen buried with warriors and 
chiefs, according to the custom of the Indians of the present day, on 
prominences, or elevated jutting points of land. Comparisons of this 
kind are of importance to tbe study of archfeology, in the way of ex- 
plaining &cts of the past by reference to the asages of peoples of the 
present in the same state of civilization. 



ClTllO«lfE OF A CIBITTET OF IlTDIAir BBtlCS OOLtlCTED BT I. H. BB- 
TEREKX, OF CLBTEllKD, OHIO, IBOM THE TEiBS 1848 TO 1868, IMUS- 
SITB, AND PBBSENTEB BT HIM TO THE SHITHSOITIAIT ISHTITVTIOH. 

Miscellan^ottx implements. 
1 to 26, inclusive. Knives or chisels, from Tennessee. 
27. SkJnning-stone, from Ohio. 
2S. Hatchet or pick, from Ohio. 

29. Skinning-stone, from Ohio. 

30. Skinning-stone, from Ohio. 

31. Hatehet or pick,' from Ohio. 

33. Chisel, or perhaps bark- or wood-wedge, from Ohio. 

31. Chisel, or perhaps bark- or wood- wedge, from Ohio. 

35 to 36. Tomahawks, from Ohio. 

37. Skiuuing-stoue, from Ohio. 

38 to 40, inclusive. Skinning-stoues, from Ohio. 

41. Chisel, from Ohio. 

42. Skinning-stone, from Ohio. 

43 to 51, tnclosive. Skinntng-sMnes, from Ohio. 

52. Skinning-stone, f^om Tennessee. 

52 to 58, inclusive. Skiuntng-stonra, from Ohio. 

59. Skinning-stone, from Tennessee. 

60. Skinning-stone, from Ohio. 
91. Hatchet, from Ohio. 
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63. (t), from Ohio. 

63 and 64. Hatchets or pickB, from Obfa 

65. (!), froDi Erie County, Peonsyivania. 

66. Pipe (I), from Erie Oonoty, Peunsylvania. It was dng op, and 
Bhon-s spade-tnark. Tlie blackening of orifice was caused by a boy charg- 
ing it witb gunpowder aud seekiug to nse it as a cannon. 

67. Peeile, from Ohio. 

68. Pipe, taken from Indian grave, from Otiio. 

69. Gorget, from Summit County, Ohio. 

70 and 71. Amulets (!), from an Indian grave. Ohio. 

72. Oonge, from Ohio. 

73. Si>ear-head, from Tennessee. 

74. Spearhead, from Ohio. 

75. Chisel or wedge, from Massachusetts. 

76. Oonge, from Massachusetts. 

77. Pestle, from Massachusetts. 
7S. (T), from Massachusetts. 

79. Pestle, from Ohio. 

80. Totem, Axim Ohio. 

81. Skinning-stone, from Tennessee. 

82. Hatchet, from Ohio. 

83 and 84. Skinning-stones, hom Ohio. 

85 to 8S, inclusive. Skiouing-stones, from Tennessee. 

89. Chisel, from Tennessee. 

90 and 91. Skinning-8toues,.from Tennessee. 

92. Ax, from Ohio. 

93. As, from Tennessee. 

94. Pestle, from Tennessee. 

95. Ax, from Ohio. 

96 to 98, inclusive. Mortars or pallets, from Tennessee. 

99. (f), from Tennessee. 

100 and 101. (1), from Tennessee. 

102. Ball, from T«nne8see. 

103. Ball, from Tenoessee. 

104. Horn or trumpet [T), from Tennessee. 

105. Grinderl 

106. Ball, from Ohio. 

107. (t), from Tennessee. 

108. (t), from Indian grave, Tennessee. 

109. (t), from Tennessee. 

110. 111, and 112. (t), from Tennessee. 

113 and 116, inclusive. Kuives, irom Tennessee. 

117 and 118. (t), from Tennessee. 

119. (There should be two more of these found in box sent containing 
the pottery.) From a grave in old Indian burial-place, Clarksville, 
Tenn. 

28S 
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120. Sledge of aocieDt coppcr^workera, lake Saperior. 

121. Hatebet, ftom Massachnsetts. 

122. Euife, from Maseachosetta. 

123. PipCi lodiaii (1), plowed ap ia a field in wbich several arrow- 
beadR were found, iVom Massacbnsetts. 

124 to 155, inclnsive. All firoai Western Be^rve, Obio. 

156. Gbisel, from Ohio. 

157 aod 158. (1), from Obio. 

159. Pipe, Indiun (!], plowed ap near a small mound. From Obio. 

IGO. (!), from Obio. 

161. Horn or trumpet, &om Ohio. 

162. Horn or trumpet, from Obio. 

163. Pipe, from an ancient mouud in Tennessee. It was given to me 
by Mr. John Pierce, of Hndaon, Ohio, whose father was president ot the 
Western Reserve College, located at Hndson, and where I was visitiDg at 
the time of the gift, aboot 1352. Yoang Pierce told me this pipe, 
with two others, had been sent to one of the former professors by 
some former graduates of the college who had gone to Tennessee. 
Young Pierceira«j)o«t7tv«as to the fact that it wasarelic from an ancient 
movnd, and searched for the original letter accompanying the pipes, 
which he said contained fall and authenticated details of their discovery. 
But the letter could not be found. I have no donbt whatever of the 
fQcts as sbited relative to this relic 

164. Fragment of one of the otherpipes, which wasfonnd with speci- 
men 163, as above. 

165. Sioux pipe, smoked at a council between some missionaries 
going from Western Reserve College to Western Missouri about 1837 to 
reclaim the Sionx Indians, and by the missionaries forwarded to Presi- 
dent Pierce, of said college, whose son presented me with the relic 

166. Pipe of a Lake Superior chief, 1850. 

167. Copper ornament, found with hnmau bones in a small Indian 
mound near Paioesville, Ohio. Hatcbet« and arrow-heads were mingled 
with tlie remains. 

168. Brooch from breast of skeleton in old Indian grave-yard, Coa- 
neaut, Obio. 

169. (t), from a monnd, Ohio. 

170. From Ohio. 

171 to 173, inclnsive. Beads from an Indian grave, Tennessee. 

174. Pipe from an ancient mound, Tenuessee, found and given to me 
by Professor Safford, State geologist, nbont 1858. 

175. Arrow-head from Lake Saperior. 

176. Fragment of (knife t), Tennessee. 

177 to 182, inclusive. Arrow-heads from Ohio. 

183. Arrow-bead, remarkable for symmetry and finish, picked up 
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in Franklin County, Soulbern Central PenusytvaDia, within 600 feet of 
tbe ancient war-lodge of tbe Senecaa. , 

18i to 186, inolnaive. Arrow-beads from Tennessee. 

187 to 196, inclnsive. Fragments of pottery, from some very remarkable 
mounds, tbree miles sontbeast of Franklin, Williamson County, Tenn. 

197. Fragment of pottery, from Soutb Hadley, Mass. 

198. Fragment of |>ottery, from mound in Ohio. 
IOSl Fragment of brick, from monnd in Iowa. 

200 to 203, inclusive. Fragments of potterj-, from monnds in Georgia. 

204 to 206, inclueive. Fragments of pottery, from mound in Maury 
County, Tennessee. 

Arrowheads. — Three packages of these were sent iu one of the boxes, 
respectively collected in the New England States, iu tbe Western 
States, and in the Southern States, and the aforesaid division of States 
marked on the packages accordingly. It bad been my aim to collect 
arrowbciids of the various tribes of Indians, and to have preserved them 
thus (listiuct iu the cabinet ; but I found that the difTereitces in shapes, 
style, &c., were so slight (if at all distinct) as not to justify the trouble. 

Ancient pottery. 

All of tbe pottery sent is from an ancient burial-place in Arkansas, 
with one exception — a portion of a bowl, (say one bait',) broken, I thiuk, 
in two pieces, and in appearance so very thick and clumsy, compared 
with the other specimens, that its recognition isa matter of uodtfQculty. 
This bowl is from an ludiau grave at " Hamilton Place," (residence of 
Gen. Lucius Q. Polk,) Maury County, Tennessee. 

At "Maple Grore," Maury County, Tennessee, February 7, 1860, 
Jerome B, Pillow, esq., (brother of Geu. Gideon J. Pillow,) made the 
following statement in regard to the ancient pottery discovered by him, 
and then and there presented to me : 

" The spot where this pottery was found is in Phillips County, Ar- 
kansas, adjacent to the Mississippi Biver, and (measured along the 
river) eighteen and three-fonrtbs miles below Helena." 

A map of the locality is given in tbe accompanying Fig. 1. 

Tbe point designated A is the ancient burying-place where tbe pot- 
tery was procured. 

In the construction of the levee across Old Town Lake and Long 
Lake a vast quantity of earth was required to make the embankment, 
and to procure which Mr. Jerome B. Pillow commenced removing ma- 
teriul from a site which proved to have been a most extensive cemetery. 
Hundreds of human skeletons of all ages and of both sexes were e:s- 
humed, and with them many specimens of pottery of varied shapes and 
sizes. Tbe skeletons were found buried in a sitting posture, and from 
three to teu feet below the surface j the bones iu all cases in a perfect 
state of preservation. 
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Trees from tbree to five feet in duuoeter were growing over the gTaves, 
one, a " sassafras," five feet in diameter, had come to maturity, died, then 
withered away, leaving only its roots in a sound condition. The negro 




laborers, with saperatitions terror, woald fain have fled from their work 
ou the first discovery of the bones, and they were persistent in destroy- 
ing the pottery to prereDt its removal. Their aim was to conceal in the 
dump or embankment both bones and pottery. It was, therefore, with 
some difficulty perfect specimens were procured by 3flr. Pillow, and those 
obtained (my gift comprised about one-tliird of the number) were 
brought to bis residence in Manry County, Tennessee. lu this rare col- 
lection there was one vessel, capable of holding half a gallon, in the 
sba])e of an animal. It boregreat similarity to a vessel, which some time 
before I had examined, brought from the pyramids, Egypt, by the Bev. 
Dr. Burgess, of Dedham, Mass. 



«> THE ACCUBACI OF CATLIV'S ACCOVVT OF THE HANDAN CEKEMOXIBB. 

Br James Eiff. 

We publish the following letter as an act of justice to the memory of 
the late Mr. Oatliu, and as a verification of the truth of his account of 
a very interesting ceremouy among the Mandan Indians, a tribe now 
extinct. The ceremony was especially interesting in its resemblance to 
some of the self-inflicted tortures of the deroteesof eastern superstitions. 
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In re^rd to the remarks relative to Mr. Seboolcraft, it is bnt justice to 
state tliat we were iDtimately acquainted with bim, and cannot for a mo- 
ment harbor the thought that he would have done anything to disparage 
the veracity of any one from any other motive than a desire to promote 
the truth. The statements of Mr. Cntlin were at the time so remarkable, 
the ceremonies which he described being so nnlike those of othet Indian 
tribes, that Mr. Schoolcraft was jnstiflMblein receiving the account with 
doubt, although he may have expressed his disbelief in stronger terms 
than he would have done had he been more intimately acquainted with 
the character of Mr. Catliti than be appears to have been. — [J. H.J 

Babby, Clai/ County, Mo., Avffugt 12, 1872. 

Deab Sib: Though a stranger to you, I take the liberty of addressing 
you this note as importaot to science and to the ethnology of oar coun- 
try, as well as important to the repntation of one who has devoted much 
of a long aud hazardoug liTe in portraying and perpetuating the easterns 
of the dying races of man in America. Mr. Schoolcraft sent me, some 
years past, a copy of a large work be bad published for Che Government 
of the United States on the North American Indians, and of which 
vork some thousands of copies were presented by the Government to 
the libraries of the institutions of the New and the Old World. In this 
work I find that Mr. Schoolcraft denies the truth of Mr. Gatlin'a descrip- 
tion of the Maudan religious ceremonies — the (rath of his assertion that 
the Maudan youths suspended the weight of their bodies by splints run 
throagh the flesh on the breast and shoulders, &c.; and asserts.- also, 
that his whole account of the Maudan religion is all wrong. It is a 
great pity that Mr. Schoolcraft, who never visited the Mandans, should 
have put forth such false and unfounded assertions as these on a subject 
so important to science, and so well established by proved facts. 

I had the sole control of the Americano Fur Company's business with 
tbo Mandans, and lived in their village, for the space of thirteen years, 
from 1822 to 1835, and was doubtless the first white man who ever 
learned to speak their language. In the summer of 1832 Mr. George 
Catlin was a guest in my fort at the Mandan village, observing and 
learning the customs of those interesting and peculiar people, and paint- 
ing the portraits of their celebrated men, of which he made many and 
with great exactness. It was during that snmmer that Mr. Catlin wit- 
nessed the Mandan religious ceremonies, the O-kee-pa described in bis 
notes of travels among the North American Indiana, and to which Mr. 
Schoolcraft has applied the insulting epithet of falsity in his great work. 
By the ecrtiflcate published by Mr. Catlin, signed by my chief clerk and 
myself, on the 2Stb day of July, 1832, in the Mandan village, certifying 
that we witnessed, in company with Mr. Catlin, the whole of those four 
days' ceremonies, and that he has represented in bis four paintings, 
then and there made of them, exactly what we saw, and without addi- 
tion or exaggeration, it will be seen that I witnessed those scenes with 
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Mr. Catiin sod interpreted their whole meaoing for bim as the; are 
described in bis work. Since the extinction of this friendly tribe, and 
the end of this pecoliar and anaccoautable cnstom, and in l^e eighty- 
fifth year of my own age, from a sense of daty to my ancient friend Hr. 
Catiin, and a wish for the trnthfnlness of history, I have taken the 
liberty of committing to yoar care and for yoar use, as you may be dis- 
posed, the foregoing statements. 
Tours, truly, 

JAMES KIPP. 
Professor Hbkey, 

Smithacmian ImtitutiMt. 
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